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Reduce Wear, Save Time and Money 
with Mathews Flange Barrel Hydrant 


The Mathews Flange Barrel Hydrant is designed to deliver 
every available gallon of water and to last indefinitely with 
minimum maintenance. Check these important features: 


j aii The Flan ge Barrel 


The swivel flange at the base of the nozzle section permits 
nozzies to be faced toward any point in the complete 
circle. Saves time on original installation and on re- 
placements. 

On broken hydrants, top cap and nozzle sections can 


usually be salvaged, thus reducing accident costs. 


The Stuffing Box Plate 


Cast integral with the nozzle section, the plate keeps 
water and sediment away from the operating thread. 
Hydrant remains operable in any weather. Wear on the 
operating thread is largely eliminated. 


Breakable Flange and Stem Coupling 


Optional feature furnished at extra cost. 
Specially designed flange in the stand- 
pipe just above ground level and a fran- 
gible coupling in the hydrant stem are 
designed to snap when struck a blow 
heavy enough to break the hydrant. 
Both can be replaced quickly and without 
excavating, while hydrant head, stand- 


pipe and stem remain undamaged. 


: Two-way heads can be replaced with nut from sleet, snow or dust. 
: steamer and two-way heads without An extension piece may be inserted 

' shutting off the water supply. between hydrant head and barrel or 

: Shield operating nut protects revolving between barrel and elbow. 

- Available with mechanical joint pipe connections. 


Made by R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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Gone are the days when it took an unerring 
eye and a mighty wallop to tap a keg of beer. 
Gone, too, are the days when tapping concrete 
pipe under pressure was a complex, difficult 
operation. 


Thanks to today’s modern equipment, tap- 
ping LOCK JOINT CONCRETE PIPE under 
pressure has been reduced to a quick and easy 
process. Maintenance crews in hundreds of 
towns throughout this country and abroad 
now consider the successful pressure tapping 


of LOCK JOINT CONCRETE PIPE to be a normal 
part of the daily routine. 

Upon request, we would be glad to send you 

our brochure covering the few simple steps 

required either for making service connec- 

tions or for making 

larger taps. 


LOCK JOINT PIPE CO. 
Bast Orange, New Jersey 


Columbia, + Denver, Co. = Detroit, Mich, Hartford, Conn. + Kansos City, Mo. 
Pressure - Water Sewer REINFORCED CONCRETE PIPE - Culvert Subaqueous 
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HUGE submarine liners with glass cnpoble of withstanding tremendous pressure may offer the traveler 
of the future intimote glimpses of life under the seo and immunity from storms ond seasickness. 


100 years from now... 
WE MAY SIGHTSEE UNDER THE SEAI 


The world of the future—full of amazing, time-saving, health- 
giving products and machines. Still being used, however, 
will be the reliable cast iron water and gas mains laid today. 

Records show that over 60 American cities from coast te 
coast are still served by cast iron water and gas mains laid 
more than a century ago. And modernized U.S. Pipe... 
centrifugally cast, quality-controlled from mines to finished 
product ...is extra rugged, more dependable than ever. 

U.S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured in 
centuries. 


U. S. PIPE AND F vy co Y. Office: 2, 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND SLAST FURNACES TO FINISHED PIPE. 
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COMING MEETINGS 


Coming Meetings 


Vol. 48, No.7 


AWWA SECTIONS 


Sep. 12-i4—New York Section, at 
Sagamore Inn, Bolton Landing, Lake 
George. Secretary, Kimball Blanch- 
ard, Rensselaer Valve Co., c/o Ludlow 
Valve Co., 11 W. 42nd St., New 
York 17. 


Sep. 12-14—Michigan Section, Kal- 
amazoc. Secretary, T. L. Vander 
Velde, Chief, Water Supply Section, 
Michigan Dept. of Health, Lansing 4. 


Sep. 12-14—North Central Section, 
at Hotel Lowry, St. Paul, Minn. Sec- 
retary, Leonard N. Thompson, Gen. 
Mgr., Water Dept., St. Paul 2, Minn. 


Sep. 17-19—Kentucky-Tennessee 
Section, at Hotel Patten, Chattanooga, 
Tenn. Secretary, J. W. Finney Jr., 
553 S. Limestone St., Lexington, Ky. 


Sep. 19-21—Ohio Section, at Com- 
modore Perry Hotel, Toledo. Secre- 
tary, M. E. Druley, Dayton Power & 
Light Co., Wilmington. 


Sep. 26-28—Wisconsin Section, at 
Stoddard Hotel, La Crosse. Secre- 
tary, L. A. Smith, Supt., Water & 
Sewerage, City Hall, Madison 3. 


Sep. 30-Oct. 2—Missouri Section, 
at Hotel Governor, Jefferson City. 
Secretary, W. A. Kramer, Rm. 3, 6th 
Floor, State Office Bldg., Jefferson 
City. 


Oct. 14-17—Southwest Section, at 
Marion Hotel, Little Rock, Ark. Sec- 
retary, Leslie A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 18-20—New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, C. B. Tygert, Wallace & Tiernan 
Inc., Box 178, Newark 1. 


Oct. 21--24—Alabama-Mississippi 
Section, at Battle House, Mobile, Ala. 
Secretary, Irving E. Anderson, Dist. 
Engr., Surface Water Branch, USGS, 
Box 2052, Jackson, Miss. 


Oct. 23-26—California Section, at 
U. S. Grant Hotel, San Diego. Secre- 
tary, Henry J. Ongerth, Sr. San. 
Engr., Bureau of San. Eng., 905 Con- 
tra Costa Ave., Berkeley 7. 


Oct. 24-26—Iowa Section, at Hotel 
Fort Des Moines, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


(Continued on page 8) 
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An asbestos-cement product 


it’s Transite 
Ring-Tite 
Pressure Pipe 


@ Transite® Ring-Tite® Pressure Pipe is a 
community investment that pays off year 
after year! 

Its remarkably high flow characteristics 
protect that investment by keeping main- 
tenance and pumping costs at a minimum 
during its long service life. 

Corrosion resistant 
Transite Pipe is strong, durable, and highly 
resistant to corrosion. And it is immune to 
tuberculation, the form of interior corro- 
sion that chokes the flow and increases 
pumping costs. Transite cannot tubercu- 
late, thus its original high flow capacity is 
maintained, and pumping costs are kept 
at a minimum, year after year. 

The Ring-Tite Coupling, with rubber 
rings compressed and locked in place, 
forms a joint that is tight yet flexible. 
Rings cannot blow out, and the automatic 
separation of the pipes within the coupling 
helps to relieve line stresses. 


Ring-Tite Coupling, write for Booklet TR-160A. Address Johns-Manville, 


For further information about Transite Pressure Pipe and the JM 


Box 60, New York 16, N. Y. In Canada, Port Credit, Ontario. 


Johns-Manville TRANSITE PRESSURE PIPE 


WITH THE RING-TITE COUPLING 
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Oct. 24-26—Chesapeake Section, at 
Southern Hotel, Baltimore, Md. Sec- 
retary, Carl J. Lauter, 6955—33rd St., 
N.W., Washington 15, D.C. 


Oct. 31-Nov. 2—West Virginia 
Section, at Hotel West Virginian, 
Bluefield. Secretary, Hugh W. Het- 
zer, Engr. Gen. Office, West Virginia 
Water Service Co., 179 Summers St., 
Charleston 1. 


Nov. 7-9—Virginia Section, at 
Chamberlin Hotel, Old Point Comfort. 
Secretary, J. P. Kavanagh, Dist. Mgr., 
Wallace & Tiernan Inc., 213 Carlton 
Terrace Bldg., Roanoke. 


Nov. 11-14—Florida Section, at 
Daytona Plaza Hotel, Daytona Beach. 
Secretary, Jay D. Roth, City Hall, 
Miami Beach 39. 


Nov. 12-—14—North Carolina Sec- 
tion, at Hotel Charlotte, Charlotte. 
Secretary, Wilbur E. Long Jr., 1615 
Bickett Blvd., Raleigh. 


Nov. 26-28—Rocky Mountain Sec- 
tion, at Broadmoor Hotel, Colorado 
Springs, Colo. Secretary, Jack W. 
Davis, Dist. Mgr., Transite Pipe Div., 
Johns Manville Sales, Inc., Denver, 


Colo. 


Nov. 29-Dec. 1—Cuban Section, at 
Cuban Society Engineers Bldg., Ha- 
vana. Secretary, Laurence H. Daniel, 
Pres., Laurence H. Daniel, Inc., Bara- 
tillo 9, Havana. 


OTHER ORGANIZATIONS 


Jul. 30-Aug. 3—Gordon Research Con- 
ference on Ion Exchange, American 
Assn. for Advancement of Science, at 
Kimball Union Academy, Meriden, 


(Continued from page 6) 


N.H. W. George Parks, Director, 
Dept. of Chemistry, University of 
Rhode Island, Kingston, R.I. 


Sep. 17—-21—Annual International Instru- 
ment-Automation Conference & Ex- 
hibit, New York, N.Y. For informa- 
tion, write Fred J. Tabery, 250 W. 57th 
St., New York. 


Oct. 8-11—Federation of Sewage & In- 
dustrial Wastes Assns., Statler Hotel, 
Los Angeles, Calif. 


Oct. 14-17—National Institute of Gov- 
ernmental Purchasing, at Conrad Hil- 
ton Hotel, Chicago. A. H. Hall, Exec. 
Vice-Pres., 1001 Connecticut Ave., 
N.W., Washington 6, D.C. 


Oct. 15-17—Annual Convention, Ameri- 
can Gas Assn., Atlantic City, N.J. For 
reservations, write American Gas Assn. 
Housing Bureau, 16 Central Pier, At- 
lantic City, N.J. 


Oct. 15-19—American Society of Civil 
Engineers, Pittsburgh, Pa. 


Nov. 12—16—American Public 
Assn., Atlantic City, N.J. 


Health 


Nov. 27-30—National Chemical Exposi- 
tion, sponsored by American Chemical 
Society, at Public Auditorium, Cleve- 
land, Ohio. 


1957 


Feb. 3-5—Annual Midwinter Conference, 
Public Utility Buyers’ Group, National 
Assn. of Purchasing Agents, at Brown 
Hotel, Louisville, Ky. Chairman, L. 
G. Wiseley, Michigan Consolidated Gas 
Co., 415 Clifford St., Detroit 26, Mich. 


Mar. 25-29—Western Metals Congress 
& Exhibition, at Ambassador Hotel and 
Pan-Pacific Auditorium, Los Angeles, 
Calif. Managing Director, W. H. 
Eisenman, 7301 Euclid Ave., Cleveland 
3, Ohio. 
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“©” Rings replace conventional packing and re- 
duce maintenance to a minimum. The lower “O” 
Ring is the pressure seal, the upper “O” Ring the 
dirt seal. The specially compounded rubber plas- 
tic “O” Rings do not deteriorate and insure a 


long life pressure seal. 


All Smith Valves can be equipped with “O” Ring 
Seal Plates. Write for details. 


SMITH MFG. CO. 


L EAST ORANGE. NEW JERSEY 


/, 


2, ™= Ly 
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General Filter? 


There are many reasons why municipalities 
and industries have installed General Filter 
water treating plants: 


INSTALLATION SUPERVISION ... General Filter “job- 
engineers” each installation to the consulting engineer's 
specification . . . supervises the installation and trains the 
personnel who will work with the equipment. 


(OPERATIONAL DEPENDABILITY . . . for twenty years 
General Filter has concefttrated all of its efforts toward 
“better ‘water trea ", Their efforts have produced 
water treating plantsjond equipment that are completely 
dependable. ; 


ENGINEERING KNOW-HOW...G GREATER ECONOMY... the only real test of economy is 
erol Filter’s design and construction engi- coguiert test. General Filter plants stand up over the 
neers are familiar with the problems in- years providing “better water” with minimum maintenance, 
volved in water treatment. longer trouble-free, smoother operation. 


General Fiter.”~ Wie todoy fe General AFilter Company 
detailed information regarding your AMES, IOWA 
water treatment problems. 


.. better water 


; 
A 
> # 
a 
—— 
AERATORS + FILTERS « TASTE AND ODOR + ALKALINITY CONTROL + HIGH CAPACITY 
RESINOUS ZEOUTE + IRON RUST REMOVAL + DEMINERALIZATION + SOFTENERS 
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Department, checking static water pressure on a newly installed 


Darling B-50-B hydrant. 


Word is getting around about 
DARLING’S NEW B-50-B FIRE HYDRANT 


ATER distribution men like 

A. W. Grathwol of the San- 
dusky, Ohio, Water Distribution 
Department, are spreading the good 
news about the new patented Dar- 
ling B-50-B fire hydrant. It rates as 
the most important fire hydrant ad- 
vance in 50 years. 


Here are reasons why... 
1. The “O” ring seals eliminate 


need for a stuffing box. Darling's 
B-50-B isa packless, dry-top hydrant 
that saves service time and trouble. 
It does away with bothersome pack- 
ing gland adjustment and mainte- 
nance, assures constant lubrication 
of the operating threads and prevents 
water from reaching the operating 
threads. 

2. The Darling B-50-B is a dail- 
bearing operated hydrant. Opening 


and closing takes less than half the 
usual wrench torque. 

And you also get another long- 
time advantage of Darling hydrants 
+» all inside working parts, includ- 
ing the main valve seat and drain 
valve seats, can be removed through 
the top by one man for on-the-spot 
inspection and maintenance. Write 
for Bulletin No. 5007 before you 
decide on any hydrant. Address... 


DARLING VALVE & MANUFACTURING CO. 


23, Pa. 


Williamsport 
Manufactured im Canada by The Canada Valve & Hydrant Ca, Lid., Brantford 7, Ontario 


i A.W rathu manager of the Sandusky, Ohio, Water Distribution : fe 
| 
| 
q 
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SERVICE 


In 1925, The Board of Water Supply, city of Providence, laid a water line in Cranston, 
Rhode Island. Interior surfaces were hand-brushed with hot Bitumastic® Enamel. 


This illustration is graphic proof of the 
extra value you get when you specify 
Bitumastic Enamel. After 28 years’ 
continuous service, a section of this 48- 
inch line was removed for inspection. 

Note that there is no sign of rust or 
tuberculation. Brush marks are still 
visible. The original coefficient of flow 
has been maintained over the years. 
With such performance available from 
Bitumastic Enamel, there is no need 


SEWAGE EQUIPMENT 
PROTECTION! 


Koppers also makes Bitumastic® 
Protective Coatings for all kinds 
of sewage-plant equipment. 
Give your expensive equipment 
the effective protection it de- 
serves. Write for complete data. 


to specify over-sized diameter pipe, 
thus giving important installation as 
well as operational economies. 

Samples of this original 28-year-old 
Bitumastic Enamel lining were tested. 
Laboratory analysis showed there was 
practically no change in the character- 
istics of the Bitumastic Enamel. 'This 
gives every reason to believe that the 
line will continue to give the same type 
of dependable performance for many 
more years. 

Service records like this prove that 
it pays to use strong steel pipe, pro- 
tected by Bitumastic Enamel. It’s an 
economical combination for your large- 
diameter water lines. Write for com- 
plete information. 


KOPPERS COMPANY, INC. 


Tar Products Division, Dept. 405-T, Pittsburgh 19, Pennsylvania 
DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA. 
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why our city installed 


its sixth BJ Submersible” 


Says L. E. Cunningham, 
Mayor of Belvidere, 
Illinois 


“A dependable, protected water supply 
system is vital to the future growth of 


our residential and industrial areas.” 


“In the past our wells were pumped by surface motor deepwell tur- 
bines requiring pump house protection and special maintenance. In 
1951 Wayne Richardson, our Waterworks Superintendent, working 
with R. Anderson, Engineering, replaced an old deepwell turbine with 
a modern Byron Jackson Submersible. 

Our experience with this completely submerged pump was so satis- 
factory that we converted all our wells to submersible operation, 
having just completed the installation of the sixth unit. The combined 
capacity of all these units is now 5 MGD with storage facilities for 
1,700,000 gallons. 

The people of Belvidere are now assured a pure, low-cost water 
supply that is completely safe from flood or other disaster conditions.” 


Facts about Belvidere, Illinois A friendly city of 10,000, Belvidere is 
located 75 miles northwest of Chicago. Its industrial advantages in- 
clude abundance of water, skilled labor pool, good plant sites, low tax 
and utility rates. 


SINCE 1872 


Byron Jackson 


Division of Borg-Warner Corporation 
P. 0. BOX 2017A, TERMINAL ANNEX * LOS ANGELES 54, CALIFORNIA 


Wayne Richardson #1. E. Cunningham 
\ 
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resins at The Permutit Co., Birmingham, N. J. 


_ 
Reaction kettle for making ion exchange IIa 


Jul. 1956 JOURNAL AWWA 


Why we make our own 
ion exchange resins: 


First—in order to offer our customers the best resins. 


But the main reason we make our own resins is that we can “tailor” their 
molecular design, chemical and physical characteristics to best meet 
process and equipment requirements. It gives us greater control of capac- 
ity, efficiency, stability and mesh size. 


It also supplements our production of other types of zeolites with the 
result that Permutit (and only Permutit ) makes all widely used types 
of ion exchangers . . . from rugged natural greensands for simple, low- 
cost water softening to specialized resins for purifying chemicals. 


And it enables us to offer an integrated Water Conditioning Service in- 
cluding water analysis, engineering, equipment, controls and the ion 
exchange material itself . . . from one source . . . under one responsibility. 
That's how “weak links” can be avoided. That’s why Permutit equipment 
gives long years of trouble-free service. 


For further information, write The Permutit Company, Dept. JA-7, 330 
West 42nd St., New York 36, N. Y. 


PERMUTIT 


WATER CONDITIONING 
Equipment Resins Experience 
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CONCRETE PRESSURE PIPE . 

. IN MAJOR CITIES 


OF EVERY. STATE” . 


Concrete Pressure Pipe 
| is universally accepted 


for city water systems 


as witnessed by its use in all major 
cities in the United States and Canada 


Great supporting strength, high carrying capacity and 
long life make Concrete Pressure Pipe ideal for city water 
supply lines, transmission lines, and distribution mains. 


Modern manufacturing plants are located so as to 
make Concrete Pressure Pipe available in all sections of 
i the United States and Canada. 


Member companies are 
d te PRESSURE PIPE 


“and furnish concrete 


ASSOCIATION 
accordance wit 
established national 228 North — Street 
specifications and Chicago 1, Illinois 
standards. 


WATER FOR GENERATIONS TO COME 
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1879—ROSS-1879 


Autematic Values 


Controls 
elevation of 
water 
in 
tanks, basins 
and 
ALTITUDE VALVE reservoirs 
1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 
discharge 


SURGE-RELIEF VALVE | 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 


“> 
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OUR FUTURE 


(and in your 
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THE SKIES... 


hands, too) 


To keep pace with America’s constantly increasing demand for water, you need 
the help of the elements. And tht public. 


We can lend a hand there. 


Our national advertising stresses advance planning 
of water facilities...warns millions of Americans— 
homeowners, apartment dwellers, industrialists about 
waste, pollution, the need for efficient water systems. 
It points out the need for new water sources, adequate 
treatment and distribution, realistic water rates, far- 


sighted water legislation ... all the facts the public 
must know to cooperate intelligently with you and your 
fellow water officials in your difficult job of keeping 
America plentifully supplied with water—now and in 


the future. 


CAST IRON PIPE. Serves for Centuries! 


For over 70 public utilities in the United States and 
Canada, cast iron mains laid over a century ago are 
still serving dependably. This long, trouble-free serv- 
ice means lower maintenance costs ... fewer tax dollars 
expended... fewer headaches for the waterworks offi- 


cials who specify cast iron. 


And today, modernized cast iron pipe, centrifugally 
cast, is even more rugged, uniform, durable. When 


needed, it’s available with cement-lining to assure sus- This rugged old cast iron water main, stili 

tained carrying capacity throughout its generations of serving and saving tax dollars for the citi- 

service. zens of Detroit, Michigan, is now in its 115th 
The next time you plan extensions to your distribu- year of dependable service. 


tion system remember, cast iron pipe means the ulti- 


mate in long term reliability and economy. 


Cast Iron Pipe Research Association, Thos. F. Wolfe, @Jmox | 


Managing Director, 122 So. Michigan Ave., Chicago 3, 
wes The Q-Check stencilled on pipe is the Registered 
Illinois. Service Mark of the Cast Iron Pipe Research Association, 


€ FOR MODERN WATER WORKS ie 
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Orlando, Florida Water Treatment Plant includes three Walker 
Process Clariflows for lime softening as well as algae and color 
removal. The unit in the foreground, completed in 1954, in- 
creases the plant capacity to 24 MGD. The two original Clari- 
flows were installed in 1949. Each unit is 56° square x 17’ deep. 


WALKER PROCESS 


ORLANDO, 
FLORIDA 


Consulting Engineers— 
Robert & Co., 

Atlanta, Ga. 

Gen'l. Mgr. — Orlando 
Utilities Commission — 
Mr. C. H. Stanton, Mgr. 
Orlando Water Dept.— 
Mr. L. L. Garrett 


The Clariflow combines flocculation, good fluid mechanics and clarification in a rel- 
atively small tank. Mixing, flocculation, stilling and sedimentation are independently 
operated and controlled. The positive control of flocculation and clarification enables 
the operator to readily select the most economical method of operation when handling 
changeable water conditions. 


Short circuiting tendencies are eliminated by means of exclusive multiple, tangential 
diffusers which simultaneously and equally distribute the flow. Balanced multiple 
surface weir troughs make efficient use of short detention periods and insure clarified 
overflows. 


The Clariflow is applicable wherever there is a municipal or industrial need for 
water or waste treatment. It can be used in all operations including combined intimate 
chemical homogenizing, flocculation‘ and clarification in rectangular, square or circular 
basins. The Clariflow gives excellent results in the treatment of municipal and indus- 
trial water for—softening—turbidity removal—color removal—algae removal. Indus- 
trially it is universally used in—oil separation and emulsion breaking plants—blast 
furnace flue dust thickening—paper stock reclamation. 


Write for bulletin 6W 46. 


WALKER PROCESS EQUIPMENT ATOR 
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The outline drawing shows how the simple, strikes a boss in the body. Further closing 
4-piece disc pct: is held in alignment movement exerts pressure on the spreaders 
by the guide ribs. As the disc assembly’ in a wedging action, forcing the payallel 
descends on the stem, the lower spreader disc tightly against the seats. 


New Crane disc assembly and guide rib design 
improve efficiency of AWWA valves 


A simple, 4-piece disc assembly and a unique guide rib design make 
Crane’s new AWWA double-disc gate valves a wise choice for mains and 
distribution lines. 

The double-disc assembly, held by the new guide rib design, cannot 
become disengaged in service. The trunnion-mounted discs are free to 
rotate, thus preventing concentrated wear on both discs and seats. 

Crane double-disc gate valves meet all 
AWWA specifications—and more! For ex- 
ample, the 2-piece gland and gland flange 
with ball type joint which prevents stem bind- 
ing despite uneven pull-up on gland bolts. 

LITERATURE AVAILABLE 
These Crane quality AWWA valves are 
available in sizes from 2 to 12 in. Circular This view of disc assembly 

shows simplicity. Assembly is 
giving complete specifications available from guspended from stem, which 
your local Crane Representative, or by ©8@ges upper spreader. Discs 


a are suspended from upper 
writing to address below. spreader on trunnions. 


C RA N E VALVES & FITTINGS 


PIPE KITCHENS PLUMBING HEATING 
Since 1855— Crane Co., General Offices: Chicago 5—Branches and Wholesalers in All Areas 
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STEEL PIPE 
HAS ITS TEST PILOTS, TOO! 


Like the more glamorous aviation test pilot, the steel pipe tester 
plays a vital role in the story of safety. His job demands the 
greatest caution and concern to assure your water pipe 
meeting the highest standards of safety, strength and performance. 
Pay. This specialist hydrostatically tests every length of steel pipe to at 
twice its required working pressure .. . to guarantee you 
“maximum protection against breakage and leakage. And steel pipe 
is the only water pipe thet undergoes this rigid individual testing process. 
When you need a pipe that you know in advance will pass all 
the tests of stress and time—you're smart to specify STEEL pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST”’ 


STEEL PLATE FABRICATORS 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3, ILL. 


wy 
ORS | 


CITY OF BEREA, OHIO. 


New Cochrane SOLIDS-CONTACT REACTOR 


combines 


mixing, precipitation, sludge concentration, clarification & softening 


The relatively hard, turbid Rocky River 
supply for the city of Berea, Ohio, is 
quickly reduced in hardness to approxi- 
mately 3.5 gr/gal and to a turbidity of 
less than 10 ppm by the Cochrane Solids- 
Contact Reactor shown above. An exist- 
ing concrete basin 28’ square x 15’ deep 
was modernized by conversion to the 
Solids-Contact type. Using hydrated 
lime, soda ash and alum, the Reactor 
treats over 2,000,000 gpd at surprisingly 
low cost. 

Because the design of the Cochrane 
Reactor provides higher quality treated 
water faster, in less space, with minimum 


Cochrane 


3124 N. 17TH STREET, PHILADELPHIA 32, PA. 
NEW YORK PHILADELPHIA CHICAGO 


Representatives in 30 principal cities in U.S.; Toronto, 
Canada; Paris, France; Mexico City, Mexico; La Spezia, 
Italy; Havana, Cuba; Caracas, Venezvela; San Juan, 
Puerto Rico; Honolulu, Hawaii; Malmo, Sweden; Santiago, 
Chile. Pottstown Metal Products Division—Custom built 
carbon steel and alloy products. 


Demineralizers + Hot Process Softeners «+ 
Decerators Continuous Blowoff 


chemicals, their use has grown tremen- 
dously for municipal applications. High 
slurry strength in the reaction zone 
speeds precipitation—there is very little 
waste water. Automatic desludging saves 
time and labor. In addition to softening 
and clarification, Cochrane Reactors re- 
move color, taste, odor; reduce alkalin- 
ity, silica, fluorides, etc. 

Cochrane’s background in water con- 
ditioning makes possible the installation 
of complete systems under a single re- 
sponsibility for continued, consistent 
performance. Write for Publication 
5001-A and case history reprints. 


Cochrane also manufactures circular reactors 


Hot Zeolite Softeners + Dealkalizers * Reactors 
Condensate Return Systems «+ 


Specialties 


i 
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KENNEDY A.W.W.A. Gate Valves — 


Give You More Value For Your Valve Dollar. . . 


operation. 


O-RING SEALS 


Provide excellent pre- 
vent binding of stem and 
result in very easy valve 
KENNEDY O- 
Rings are located above 


collar, permit 
under pressure. 
on KENNEDY 
stem A.W.W.A. 


repacking 
Optional 

non-rising 
valves 


STRONGER CONSTRUCTION 


Rugged design and construction features iron that is 
50% stronger than ordinary cast iron to keep KENNEDY 


Valves doing a better job over a longer, 
pendable operating life. 


KENNEDY manufactures a com- 
plete line of water works valves. 
Sizes range from 2” to 48” includ- 
ing non-rising stem and outside- 
screw-and-yoke valves. These 
valves feature the hook-and- wedge 
type disc mechanism for easier, 
better and more positive valve 
operation. A wide variety of pipe 
connections are available. 


more de- 


KENNEDY Fig. 56 


Standard lron-Body 
Double-Disc Gate Valve, with 
Bell Ends. 


For maximum service life, for the 
greatest value for your valve 
dollar, specify KENNEDY valves 
and fire hydrants. Remember, 
KENNEDY means dependability 
in valves, fire hydrants and access- 
ories. 


Fig. 56! 


Fig. 566 


Fig. 5666 Fig. 566FTR 


Write today for NEW A.W.W.A. Valve Bulletin 


KENNEDY VALVE 


PIPE FITTINGS 


VALVES 


CO. ELMIRA, N.Y. 


FIRE HYDRANTS 


OFFICE AND WAREHOUSES IN NEW TORK CHICAGO SAN FRANCISCO ATLANTA SALES REPRESENTATIVES IN PRINCIPAL CITIES 


= 
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Allis-Chalmers PUMPS ae a Water Works Problem 4 


Newly installed Allis-Chalmers horizontal high-lift, 5215-gpm, 220-ft 
head pump, driven by 350-hp, 1170-rpm Allis-Chalmers motor, replaces 
old Allis-Chalmers pump-motor combination. 


Waukegan Increases Capacity, 
Modernizes Plant... 
Again Specifies Allis-Chalmers 


Although pumps, motors, control and switchgear, installed in 
1928, were still giving dependable, economical service, need for 
increased capacity indicated replacement of some equipment 
at the Waukegan (Ill.) Water Works. 

The first step in modernizing the plant was to replace two of 
the original 16 pumping units, one vertical and one horizontal. 
This included new Allis-Chalmers pumps with increased capac- 
ity, new motors, and new control. 


This new Allis-Cholmers vertical pump, roted 
5215 gpm at 55-ft head and driven by o 100-hp, 
1170-rpm induction motor, pumps row woter out 
of Lake Michigan into the filter beds. 


You get MORE than a Pump... 
When You Specify Allis-Chalmers 


P&R 25 


You can take advantage of Allis-Chalmers 
wide experience in supplying pumps to all 
industries. You are assured of modern de- 
sign, heavy-duty construction and correct 
application aid — all resulting in added 
years of dependable, economical, day-after- 
day pumping service. 


Allis-Chalmers is the only company that 
can offer you “One-Source” responsibility, 
with a complete unit — pump, motor and 
control — all built to work together. For 
MORE information, call your local A-C 
office, or write Allis-Chalmers, General 
Products Division, Milwaukee 1, Wisconsin. 

A-5133 


ALLIS-CHALMERS 


| 
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is®om EGA 
for 


MECHANIZED 
SLAKING 


— 


OMEGA BELT | 
GRAVIMETRIC FEEDER 


Weighs and feeds lime 


OMEGA Lime Slaker produces smooth, 
clinker-free slurry ... eliminates 
on short saves | shut-downs for grit and clinker 


belt. Feeding rates 
from 10 to 10,000 Ibs. 
per hour. Accuracy | For thorough slaking that makes the most 


withia t1%. of every ton of lime you buy, investigate 


removal!! 


the Omega Lime Slaker. Adaptable for 

use with either Gravimetric or Volu- 
OMEGA UNIVERSAL metric Feeders, this unit produces a com- 
VOLUMETRIC FEEDER | pletely slaked, creamy slurry. Check these 
Dependable feeding— | built-in advantages: 


without clogging. 
Feeding ranges from | @ High speed propeller-type mixers 


1 Ib. to 5,000 Ibs. per; break up hard particles for thorough 
hour. Accuracy within slaking. 


by volume. 

| © Insulated body and built-in heat 
— — — — —- exchanger assure peak slaking efficiency. 
OMEGA | @ Thermostatic control maintains high 
LOSS-IN-WEIGHT slaking temperatures, yet prevents over- 


GRAVIMETRIC FEEDER heating. 


conservation of lime, | capacity protects feeder from hot, dust- 
plus wide adjustabil- laden vapors. 

Rates from | Like all B-I-F products, OMEGA 
Accurate within +.5%. | Lime Slakers consistently prove why “the 
best costs less”. OMEGA’S complete line 
enables you to standardize on one dependable source of chemical feeders. Saves 


nuisance and expense of divided service and responsibility. 


Send for Bulletin 40-E1B to OMEGA MACHINE COMPANY, 365 Harris Avenue, 
Providence 1, R. I. . . . division of 


INDUSTRIES 


PROVIDENCE, RHODE 


pees 
conteois 


BUILDERS-PROVIDENCE, INC. * PROPORTIONEERS, INC. * OMEGA MACHINE CO. 


| 
Hi} 
| 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS are 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 


The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CH EMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


| LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 

The new Northeast Station in the City of Detroit, which is scheduled 
for completion in 1956, is one of the major projects included in 
the water department's expansion program. The Northern Gravel 
Company furnished 120 carloads of filtering materials for the 48 
rapid sand filters incorporated in this plant. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 40 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


P.O. Box 307 Phone: Amherst 3-2711 
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‘ Consulting Engineers Freese, 
Nichols and Turner wisely chose 
couplings for joining piping in 
Houston's new water purification 
plant. Dresser Style 38 Couplings 
ranged in size from 18 to 48 inches. 
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Houston solves piping problems for good 
Steel pipe end Dresser Couplings provide flexible installation, easy accessibility 


Houston’s new water purification plant, a 
part of the San Jacinto River Water Proj- 
ect, integrates some of the latest develop- 
ments in industrial design with time-proved 
principles of municipal water treatment. 

The new plant reflects the wise use of 
steel pipe and mechanical couplings where 
weight, price and greater flexibility are 
important factors. 

Consulting Engineers Freese, Nichols and 
Turner of Houston specified Dresser Cou- 
plings teamed with steel pipe “to provide 
for expansion and contraction of long runs 
of pipe, to provide for flexibility in the in- 
stallation and possible future dismantling 
of large pipe assemblies, and to connect 
steel pipe to concrete hydraulic structures.” 

Whenever you join pipe—especially near 
valves or any type of mechanical installa- 
tion—provide easier installation and _per- 
manence with safe, sure Dresser Couplings. 

Regardless of vibration or expansion- 
contraction, the resilient gaskets in Dresser 
Couplings hold bottle-tight for life. This 
built-in flexibility, particularly important 


between rigid flanges, serves to prevent 
piping strain from reaching valve casings 
and working parts. Result: greater efh- 
ciency, longer life. 

Installation with Dresser Couplings re- 
quires only a wrench, is fast and simple. 
You can forget time-consuming procedures 
because Dresser Couplings compensate for 
slight misalignments, facilitate installation 
of set, rigid equipment on piping. These 
couplings also permit easy entrance into 
lines for maintenance or repair of equipment. 

No other method of pipe joining provides 
all these proved advantages. Make sure you 
have foolproof, leakproof Dresser Couplings 
on your next water, sewerage or industrial 
project. For complete information, call 
your local piping supply 
house or write Dresser 
Manufacturing Division, 
Bradford, Pa. Sales of- 
fices in: New York, Phila- 
delphia, Chicago, S. San 
Francisco, Houston, Den- 
ver, Toronto and Calgary. 
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MUNICIPAL WATER PURIFICATION 


The combined capacity of Roberts- 
equipped filtration plants is well over 
5 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


JOURNAL AWWA 


‘Roberts Filter 


means eee 


INDUSTRIAL WATER RECTIFICATION 


Water treatment has long been a 
specialty of Roberts Filter. Zeolite 
water softeners are guaranteed to 
meet all requirements for which 


recommended, and are available in a 
wide range of capacities. Roberts 
water conditioning equipment is 
widely used to control precisely the 
desired chemical content of water 
for industrial use. 


SWIMMING POOL 


RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
and indoor pools are designed and in- 
stalled by men long experienced in 
the conditions peculiar to a success- 
ful swimming pool installation. 


PRESSURE FILTERS 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 8’0’’ in diameter and in 
varying lengths from 10’0” to 25’0”. 


When you think of good water—think of Roberts Filter 


MECHANICAL EQUIPMENT 
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Roberts Filter 


Manufacturing Company Darby, Penna. 


: 
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Ludlow hydrants incorporate all the ad- — 
vantages and meet all the requirements bepaar 


for safety, durability and economy. 


LIST 90 


HERE’S WHY: 
1. POP-OFF SLEEVE COUPLING: releases hydrant head from 
stem in event of traffic damage. 


2. BREAKABLE GROUND LINE FLANGE eliminates digging. 


3. NO FLOODING. Closed hydrant remains locked—even in 
event of traffic accident. 


4. NO FREEZING. Positive drip action, at extreme bottom, 
assures complete drainage. 


5. 90,000 TENSILE STRENGTH rolled Everdur threaded stem 


i ely eliminates stem failure. 
section completely el t fail 


6. LESS OPERATING TORQUE. New, non-binding upper 
and lower “O” rings trap lubricant .. . assure positive water 
tight seal... require no servicing. 


MECHANICAL JOINT END 


THE RESULT: LOW INITIAL COST—YEAR AFTER YEAR— OF Pe 8 
TROUBLE-FREE SERVICE. 


“NO POSSIBLE DIFFERENCE IN FIRST COST CAN 
OVERBALANCE THE PERPETUAL ECONOMY OF QUALITY.” 


UDLOW 


VALVE MFG. CO., INC. troy,N.y. 


GATE VALVES + FIRE HYDRANTS + SQUARE BOTTOM VALVES 
CHECK VALVES + TAPPING SLEEVES «+ AIR RELEASE VALVES 


THE 
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Low cost insurance against severe slam on pump shut down 
is provided in the Rensselaer clearway, quiet closing, non- 
slam check valve. 

In operation, the gate is normally completely out of the 
line of flow and head losses are extremely low, even at high 
velocities. The lever arm and adjustable spring force the 
gate toward its seat on pump shutdown and the gate seats 
firmly at the instant of zero velocity, without slamming. 

The List 340 Spring Check Valve may be installed in 
either horizontal or vertical pipe lines and is made in sizes 
up to 30 inch and pressures of 200 Ibs. with flange ends 
only. Dual levers and springs may be provided for extreme 
conditions. All parts are readily accessible through the 
large removable cover. 

The increasing type illustrated bolts directly to the pump 
discharge flange, eliminates increasers and saves valuable 
space. For locations where slamming is not anticipated, 
the Rensselaer list 37 without lever and springs is recom- 
mended. For higher pressures, the List 39 operates on non- 
shock cold water, oil or gas up to 400 Ibs. W.P. 2 


ensselaer 


VALVE Co. 


DIVISION OF 
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Liss 240 Cleorway, quiet closing 
check’ valve: increasing tvpe 
flange ends 


Section view of list 340. The gote 
is completely ovt cf the line of 
flow in open position. 


gor 
Lull 


TROY, NEW YORK 


GATE VALVES + FIRE HYDRANTS * SQUARE BOTTOM VALVES 


THE LUDLOW VALVE 
MANUFACTURING CO., INC. 


CHECK VALVES + TAPPING SLEEVES + AIR RELEASE VALVES 


S | 
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THE WALLACE & TIERNAN 


NOTCH 


variable-orifice 


.:+ @ new concept for chlorinator control 


The W&T V-notch Variable-Orifice is the heart 
of a new chlorinator control system. With the 
system, a constant differential vacuum is main- 
tained across the V-notch Variable-Orifice and 
the flow of chlorine gas is adjusted by varying 
the area of the orifice. 


The W&T V-notch Variable-Orifice has these 
features: 


e Wide range adjustment of chlorine flow 


e Excellent reproducibility of flow by a 
simple adjustment 


e Same % accuracy over entire wide flow 
range 


As can be seen in the diagram, the V-notch 
Variable-Orifice is formed by a cylindrical plug 
positioned inside a matched, circular ring. A 
V-shaped groove is machined along the length 
f of the plug. The groove starts near one end of 
} the plug and gradually enlarges to its maximum 
yy width and depth at the other end of the plug. 
The V-notch Orifice is formed at the inter- 
section of the grooved plug and the matched 
ring. The orifice area is varied simply and 
positively by positioning the plug backward or 
forward inside the fixed ring. 


The V-notch Variable-Orifice is just one design 
feature of the new W&T V-notch line of Chlor- 
inators. Get all the facts about the W&T V- 
notch chlorinators before you buy chlorination 
equipment. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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Public Water Supply and the Future 
Paul Weir 


The address of the incoming President of the American Water Works 
Association, presented on May 10, 1956, at the Diamond Jubilee Con- 
ference, St. Louis, Mo., by Paul Weir, Gen. Mgr., Water Works, At- 


lanta, Ga. 


ATER, or the quest for water, 

has dominated human life 
throughout history. The water works 
of the future depends on men—the 
scientist, the administrator, the citizen- 
customer—more than on trends of the 
time. Immediate and long-range plans 
for progress make it necessary that 
these three groups work together very 
closely. The breath-taking increase in 
population and the constantly rising 
standard of living are the two main 
factors of the demand for better and 
more efficient products and services 
from all types of businesses and 
utilities. 

The nation doubled its population 
during the first half of the present cen- 
tury, and then added an equivalent to 
the entire population of Canada during 
the last 5 years. The President’s Ma- 
terials Policy Commission predicts that 
there will be 49,000,000 more people 
in the United States by 1975, making 
a total population of 221,000,000. 
That means a population increase of 
almost one-third. 


Our combined water consumption 
for household, industrial, and agricul- 
tural purposes exceeds 1,000 gpd per 
person. We use, for example, 40,000 
gal of water to process 1 ton of wood 
pulp and 60,000 gal for a ton of steel. 
Therefore, when you purchase an auto- 
mobile you indirectly buy about 400 
tons of water. (The automobile indus- 
try built about 10,000,000 cars and 
trucks last year.) 

Since the water works industry is 
a basic utility and a vital factor in 
our economy, it will, of necessity, be 
one of the pioneers and a pace-setter 
of progress. But as Oliver Wendell 
Holmes said, “It is not where we are 
that counts, but where we are headed.” 

The water supply industry has liter- 
ally pulled itself up by its bootstraps 
during the past 75 years. It is esti- 
mated that the present replacement 
value of public water utilities would 
exceed 23 billion dollars. It is esti- 
mated also that we will have to spend 
more than $300,000,000 annually to 
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keep up with the ever-increasing de- 
mands for water service. 

If the predicted rate of population 
growth continues until 1975, the aver- 
age municipal utility will be called 
upon to furnish about 50 per cent more 
water than at present. Today, the 
municipal water supply furnishes about 
150 gpd per capita and by 1975 it is 
anticipated that 225 gpd per capita will 
be required. This means that we will 
be confronted with about a 3 per cent 
increase in water consumption each 
year. 

This year, it is our aim to focus at- 
tention on “Plans for the Future.” All 
progress depends upon our ability to 
cope with present demands and ade- 
quately plan for future expansion. In- 
deed, “silent service is not enough” if 
we are to attain our rightful place in 
progressive industry and the national 
economy. 


The Scientist 


The scientist in his research labora- 
tory spearheads the constant search 
for newer and better ways of doing 
things. He, and the results of his re- 
search, will be responsible for new 
building materials, wonder drugs, 
miracle fabrics, plastics, chemicals, 
steel, metal and nonferrous products, 
in addition to atomic and electronic 
devices that will challenge man’s 
imagination. 

Improved techniques will make it 
possible for the consulting engineer to 
incorporate these new materials and 
designs in his plans for future water 
works plants and systems. 

Big business firms like General Mo- 
tors, Westinghouse, and many others 
have research departments and are 
spending millions of dollars experi- 
menting with and perfecting new meth- 
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ods and products. General Electric is 
constantly reminding us that “progress 
is their most important product,” and 
by the same token, progress is the 
water industry’s greatest challenge. 

Now is the time for all business, 
large and small, to sponsor and encour- 
age the youth of our nation to choose 
scientific and engineering careers as 
vocations. Adequate scholarships, op- 
portunities for advancement, and 
higher salaries will be the determining 
factors in enlisting our future scientists 
and engineers. The Association is 
doing this in a very admirable way 
with the annual Harry E. Jordan 
Scholarship Award, which was estab- 
lished by the Water and Sewage 
Works Manufacturers Association in 
1954. The water works industry must 
keep pace with modern business and 
also entice trained young people into 
our field. In order to do this, a gen- 
eral lifting of sights is necessary as we 
build for the future. 

Several years ago, AWWA launched 
a drive to alert officials to the need for 
future planning. The theme of this 
great undertaking was “Blueprint 
NOW.” This program inspired hun- 
dreds of systems to take stock of their 
existing facilities and personnel, in 
order that plans might be developed to 
catch up with war-deferred mainte- 
nance and meet the ever-increasing de- 
mands for service. 

Scientists and consulting engineers 
can create and blueprint, but they are 
dependent upon management for the 
execution of their plans. 


The Administrator 


The administrator is the key execu- 
tive in a water works system. He 
should be surrounded with technical 
and progressive associates. He should 
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have a technical background, with a 
general knowledge of the needs of the 
entire system, and the ability to coordi- 
nate and integrate all phases of the 
department’s operation. 

His chief concerns should be: 


1. To furnish the entire community 
with an abundant and dependable sup- 
ply of potable water at a reasonable 
price 

2. To enlist adequately trained per- 
sonnel for each specific job, with com- 
mensurate salary 

3. To keep the mayor and other city 
officials constantly informed regarding 
the wisdom of securing sufficient funds 
to finance a conservative program of 
progress 

4. To coordinate and relate scien- 
tific findings to present-day opera- 
tion and future advancement of the 
department 

5. To explore every avenue of ap- 
proach to educate the citizen-customer 
on the value of a dependable water 
supply system through contacts with 
manufacturers, newspapers, radio, 
television, civic groups, schools, col- 
leges, and other organizations. Will- 
ing Water, our public relations good- 
will ambassador, has been most help- 
ful in this program. Annual reports 
and departmental bulletins, too, are 
valuable channels of information for 
employee and citizen alike. 


The American Water Works Asso- 
ciation is a most vital factor in helping 
the administrator integrate scientific 
research into everyday operating prac- 
tices. The four technical divisions of 
AWWA include Management, Re- 
sources, Distribution, and Water Puri- 
fication. The purpose of each division 
is to serve the members in the particu- 
lar field and provide them with au- 
thenticated data and material. Super- 
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visory personnel do a better job when 
they are informed members of the 
AWWA. It is management’s respon- 
sibility to encourage every water works 
employee to become a member of our 
great Association. We can, for in- 
stance, tell nonmembers of the follow- 
ing benefits of AWWA: 


1. Each member receives the Jour- 
NAL monthly. This valuable publica- 
tion includes interesting articles on 
every phase of water works operation. 
It will inspire each employee to do a 
better job. 

2. The membership offers oppor- 
tunities to attend sectional and na- 
tional conventions, to participate on 
programs, to share mutual problems 
and their solutions, and to see first- 
hand displays of the latest in mate- 
rials and equipment of leading 
manufacturers. 

3. The cost of membership is only 
$10 per year. 


I want to challenge each water 
works member and manufacturer to 
make a thorough study of the employ- 
ees under his direction in regard to 
their affiliation with AWWA. In 
unity there is strength and progress— 
the American Water Works Associ- 
ation’s progress! Let’s have 12,000 
members by 1957! 

The administrator has the responsi- 
bility of providing incentive for his 
employees. He must be constantly 
alert to working conditions, which 
should be examined regularly and im- 
proved as need arises. Monthly em- 
ployees’ conferences are recommended 
as morale builders; pride in one’s job 
and loyalty to the entire department 
are basic factors in satisfied employ- 
ees. Cooperation and recognition often 
develop leadership among the ranks. 
Salaries will have to be adjusted up- 


758 


ward in order to keep the trained em- 
ployee in the water works field. Every 
system should operate its own “in- 
service training” program. 

There is a little story we tell our 
folks down South about sweet pota- 
toes, which the Georgia farmers call 
yams or “sweet taters.” In choosing 
employees, we tell them of the many 
other kinds of “taters,” such as, the 
“Agi-tater,” who is constantly “nega- 
tive” and is always finding something 
to grumble about. The “Commen- 
tater,” is the talker who always knows 
“all the answers” but seldom puts them 
into practice. Next, there is the 
“Spec-tater”: he just wants to sit on 
the sidelines of the departmental ac- 
tivities and let the others do the com- 
mittee and interdepartmental work. 
There is another “tater” who is the 
“Dic-tater,” and he wants to have his 
way in everything; if he doesn’t run 
things he is unhappy. 

All of these “‘taters” are the undesir- 
able ones, but the “tater” we want in 
our water department is the “sweet 
tater” who cooperates, takes his turn 
in all activities, promotes ways and 
means that will help the department, 
and creates “goodwill” among his co- 
workers and the public he serves. 

Our aim is to encourage employees 
to be “sweet taters” and, regardless of 
what part of the country an adminis- 
trator comes from, we hope he looks 
for and chooses “sweet taters” as his 
employees. 

As the administrator looks into the 
future through windows of opportunity, 
progress, and service, he should be 
alert to the latest developments in his 
field. For instance, he should have a 
passing knowledge of electronic ac- 
counting equipment (sometimes called 
“mechanical brains’), microfilming 
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records, latest methods of water puri- 
fication, plastic equipment and service 
lines, automation in the effective opera- 
tion of production plants, centralized 
meter reading, improved construction 
equipment, atomic power plants and 
equipment, potential use of solar en- 
ergy, latest methods of communication, 
and improved transportation. He must 
have the ability to adapt these modern 
devices to his present system and re- 
late them to future planning. 

An administrator should also have 
an interest in corrosion control, rain- 
making methods, comfort conditioning 
in the home, office, and factory, and 
ultrasonic inspection of water mains 
for defects. 

Plans for the future of the water 
works industry will require more ade- 
quate financing than at present. This 
may require higher water rates, which, 
at the present 5¢ per ton, are much 
too low in comparison with other es- 
sentials of life, such as bread at $200 
per ton, milk at $250 per ton, and meat 
at $1,500 a ton. 

The major sources of revenue for 
water works systems include: general 
taxation, special assessments, and 
water sales. For major capital im- 
provements and expansion, however, 
general obligation or revenue bonds 
are usually issued. These are retired 
from current revenue. All revenue de- 
rived from the sale of water should be 
used exclusively for departmental op- 
eration and not allocated to other uses. 
This is a must if we are to maintain 
our proper place of prominence as one 
of the Big Four utilities. 

Other revenue-producing measures 
may be devised in the future; at pres- 
ent, many water departments are called 
upon to collect sewer rental charges 
based upon a percentage of water used, 
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and this will probably become general 
practice in the next few vears. The 
mere presence of an adequate water 
supply in a community is a value to 
taxable property which should share a 
reasonable part of the cost. 

The Association must continuously 
alert its officials to the requirements 
of an ever-expanding utility and then 
educate them to the fact that the cost 
of modern plants and efficient person- 
nel is an investment that pays divi- 
dends. An efficiently run department 
that provides adequate service for the 
citizenry of a great city or thriving 
community is a great asset. 


The Citizen-Customer 

The citizen-customer is the taxpayer 
who foots the bill for services rendered. 
He may be a homeowner, a_ shop- 
keeper, or an industrialist, but his 
wants, needs, and willingness to pay 
determine the ultimate progress that is 
made in any municipality. The water 
works utility may have been a prime 
factor in his decision to locate in any 
particular city, and once he becomes a 
customer it is the responsibility of the 
water department to provide adequate 
service and fire protection at a reason- 
able cost. 

National surveys show that we have 
shifted from a rural to an urban econ- 
omy. Now the urban population is 
moving out into the suburbs because 
of the availability of water service and 
of other utilities, and improved trans- 
portation. Business is being decen- 
tralized Industrial areas are 
springing up in the fringe zones where 
public utilities, parking, and railroad 
sidings are available. All of this wide 
expansion places a greater responsi- 
bility to serve the most important per- 
son in the world—the citizen-customer, 
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wherever he may choose to live, work, 
or play. 

To give better service to our cus- 
tomers in the future, it is necessary to 
conserve our natural resources today. 
Atomic power for domestic and indus- 
trial purposes is a magic and revolu- 
tionary part of the future; water con- 
servation through dams and reservoirs 
will play a vital role in the develop- 
ment of that new and wonderful giant. 
Other factors in conserving our natural 
resources with dams are flood and 
drought control. When rivers run 
rampant, life is lost and millions of 
dollars worth of damage is done to 
homes, crops, and business. All this 
loss can be changed to gain if intelli- 
gent planning and cooperative effort is 
used to control our nation’s waterways. 
Protracted droughts, on the other 
hand, have wrought equal destruction 
to our nation. During the past few 
years every section of our country has 
lost miilions of dollars because of these 
two destructive forces. 

At present, one of the biggest poten- 
tial problems with surface water sup- 
plies is stream pollution. Public opinion 
and adequate laws carry great weight 
in its correction or prevention. Not to 
use our streams to the limit permitted 
by realistic safeguards to life and health 
would be wasteful, however. To allow 
them to become waste carriers or open 
sewers, on the other hand, would be 
tragic. There is a direct relation be- 
tween water pollution and water scar- 
city. Pollution abatement is one of 
our most effective water conservation 
measures. 

We are fortunate that the total water 
resources of the nation have changed 
little during the past 75 years. The 
average national rainfall is about 30 in. 
annually. Of this amount, about 11 in. 
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is used by vegetation, 10 in. evaporates 
from ground and water surfaces, and 
another 8.5 in. runs off the surface of 
the land or through the ground directly 
into streams and thence into the oceans. 
Only about 1 in. of all this water (less 
than 5 per cent of total rainfall) is 
intercepted annually and used directly 
by man. Thus, there are tremendous 
possibilities for increasing the volume 
of available water for use by the public 
and industry. 

If they work together, therefore, the 
scientist, the administrator, and the 
citizen-customer can pool their re- 
sources for the good of all. The result 
will be a future that can be bright and 
prosperous if each person will catch a 
true vision of the importance he plays 
in mankind’s pursuit of freedom and 
happiness. 


A Toast to Water 


I hold in my hand a glass of water. 
I almost said a “simple glass of water,” 
because more just like it can be se- 
cured from any one of a thousand or 
so faucets in this hotel. But it is not 
a “simple glass of water.” It is a 


highiy refined manufactured product 
which bears no more resemblance to 
the raw material from which it was 
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produced than a bar of finished steel 
bears to the ore from which it was 
made. Between the water in the river 
and the water in this glass our industry 
has interposed an elaborate manufac- 
turing process and the most efficient 
system of product distribution yet 
devised. 

But all these material facilities could 
never have existed without the vision 
of the men who realized that, unless 
they were provided with a supply of 
safe, potable water, our cities could 
not continue to exist. Nor could these 
men have produced without the “know- 
how” of the manufacturers who have 
given us the equipment and supplies 
with which to work. But, most of all, 
water works plants could never be suc- 
cessfully operated without that group 
of dedicated men who, often at consid- 
erable financial sacrifice, stand guard 
to insure that this glass of water will 
always be safe and palatable. 

So it is that I propose a toast to 
the members of that great team—those 
who saw the vision, those who pro- 
vide the tools, those who use the tools 
so effectively—and to the citizen- 
customer, the most important person in 
the world. 


Economics of Stream Flow Regulation 


Richard Hazen 


A paper presented on Nov. 4, 1955, at the Virginia Section Meeting, 
Roanoke, Va., by Richard Hazen, Partner, Hazen & Sawyer, New 


York, N.Y. 


HE growing demands for munici- 

pal, industrial, and agricultural 
water supplies in southeastern United 
States have been emphasized by the 
recent activity in the legislatures of 
Virginia, North Carolina, and South 
Carolina. This activity has included 
proposals for the establishment of state 
water policies and far-reaching changes 
in the present water laws, but, fortu- 
nately, the fact that new laws alone 
will not provide more water is becom- 
ing recognized. Although there are 
areas which have extensive 
ground water potentials that they are 
utilized to only a small degree, the 
problem in most areas is to find ways 
of storing flood waters for use in the 
dry season. 

The subject of stream flow regula- 
tion, as treated in this article, will be 
considered mostly as it pertains to the 
relatively small storage reservoirs re- 
quired for regulation of low stream 
flows and for development of water 
supplies. Flood control projects and 
hydroelectric projects on main river 
stems will not be discussed. Such 
projects are of such dimension as to 
be considered in an entirely different 
class. A 15,000-mil gal reservoir on 
the upper Jackson River, for example, 
would increase the low flows at Cov- 
ington, Va., from 45 to 100 mgd. The 
proposed Gathright Project for flood 
control and power generation in the 
same area would require a 257,000- 
mil gal reservoir and a small reservoir 
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downstream to reregulate the power 
house discharges. In many areas 
where large multipurpose reservoirs 
cannot be justified, small reservoirs 
for stream control would be extremely 
useful. How profitable the building of 
such reservoirs will be depends upon 
the value of water in the area. 


Background 


Before considering cost, it seems 
worth while to review briefly a few 
basic hydrological factors. 

1. In the Appalachian Mountain 
states, extremely low flows occur for 
relatively short periods—a few weeks 
in ordinary years, a few months in 
extreme droughts. There is no prob- 
lem of having to store water to carry 
through dry cycles of several years’ 
duration. The extent of low flows is 
reflected in the duration curves of the 
daily flows of the Jackson River at 
Covington, Va., shown in Fig. 1, and 
the frequency plotting of the low flows 
at the Frankstown Branch of the Juni- 
ata River in Pennsylvania, shown in 
Fig. 2. 

2. In areas with similar rainfall, 
runoff, topography, and geology, the 
stream runoff and storage require- 
ments can be compared on the basis of 
runoff and storage per square mile of 
drainage area. Before proceeding on 
this basis, however, it must be estab- 
lished that the runoff patterns in the 
areas are truly similar. Two river 
basins immediately adjacent may 
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of Jackson River, Covington, Va. 


The drainage area is 440 sq miles. 


have entirely different hydrological 
characteristics. 

3. Some streams have much more 
natural storage than others. The stor- 
age may be in ponds and lakes or in 
sand and gravel deposits below the 
ground surface. Natural storage is 
indicated by occurrence of persistent 
stream flows even many weeks after a 
rain. Lack of natural storage results 
in “flashy streams,” with heavy storm 
runoff and little discharge during the 
dry season. 

4. The artificial storage required to 
regulate a flashy stream is relatively 
greater than the storage required for 
a stream having substantial natural 
storage. The variation in storage re- 
quirements is illustrated by Fig. 3, 


which shows the mean, maximum, and 
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minimum storage requirements for 28 
rivers in the Appalachian Mountain 
area and fifteen streams in the Mid- 
west. Storage data for the Tar and 
Neuse Rivers in North Carolina are 
shown in Fig. 4. The curves in both 
Fig. 3 and 4 have been adjusted for 
the release of water downstream for 
the benefit of lower riparian owners. 

5. The amount of storage to be pro- 
vided in a specific instance depends 
upon the value of water and the effect 
of an occasional shortage. A certain 
reservoir capacity is needed if there is 
to be complete safety each year. If 
some deficiency can be tolerated on 
occasion—for instance, once in 10 years 
or once in 20 years—the reservoir can 
be considerably smaller. The variation 
in storage requirements at the Jackson 
River for years of different dryness is 
shown in Fig. 5. 

Similar analyses of the Chicka- 
hominy River show that, for a yield of 
0.4 mgd per square mile, the storage 
needed in the 98 per cent dry year is 
30 per cent greater than the capacity 
needed in the 90 per cent dry year. 
For a draft of 0.25 mgd per square 
mile from the North Branch of the 
Shenandoah River, the 98 per cent 
storage requirement is 42 per cent 
greater than the 90 per cent storage 
requirement. 

This quick review of the hydrologi- 
cal aspects is sufficient to demonstrate 
that any rational approach to stream 
flow regulation must begin with an 
analysis of the stream itself and care- 
ful consideration of the purpose for 
which storage is to be provided. 


Costs 


The cost of building reservoirs has 
risen sharply in recent years. The in- 
crease has been caused not only by 
higher construction costs but also by the 
fact that the best sites were used first, 
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and the sites remaining are more diffi- 
cult and costly to develop. Except in 
a few remote locations, the acquisition 
of land, the relocation of highways and 
railroads, and other expenses inci- 
dental to the flooding of occupied land 
have become expensive. Historical 
costs of projects completed many years 
ago are of limited use in estimating 
the cost of new reservoirs. Further- 
more, it is almost impossible for any 
person or organization to acquire sites 
at reasonable cost without the power 
of eminent domain. 

Because there is little similarity in 
construction conditions and require- 
ments at reservoir sites, it is impossi- 
ble to generalize on reservoir costs. 
Figure 6 shows the estimated cost per 
million gallons for several proposed 
reservoirs in Pennsylvania, Virginia, 
and North Carolina. The reservoirs 
have not been built, and in some 
instances only preliminary estimates 
were made. The data do suggest in 
a general way the range in costs to 
be expected under normal conditions, 
however. 

Cost estimates of a 13-mgd water 
supply at numerous locations in the 
Appalachian Mountain region were 
made in connection with a survey of 
the synthetic liquid fuel potential of 
the United States. Construction costs 
of projects with storage, including cost 
of reservoirs, pipelines, pumping sta- 
tions, and filter plants, range from 
$210,000 to $250,000 more, per 1-mgd 
capacity, than the cost of projects not 
requiring storage. For a supply of 
13 mgd, the reservoirs needed in the 
region would range in size from 2,300 
to 7,900 mil gal, with a median of ap- 
proximately 4,000 mil gal. 

The relationship between reservoir 
costs and the cost of water may be indi- 
cated by examples. Table 1 is an 
One 


analysis of two storage projects. 
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Fig. 2. Flow Curves for Frankstown 
Branch, Juniata River, Wil- 
liamsburg, Pa., 1930-48 


The top graph shows low-flow frequency 
curves for the following: A—98 per cent 
dry year; B—95 per cent dry year; C— 
90 per cent dry year; D—75 per cent dry 
year; and E—50 per cent dry year. The 
dotted line is for 1930, which is the driest 
period on record. The bottom graph 
shows a flow duration curve. The dratn- 
age area is 295 sq miles, and the mean 
flow is 388 cfs. 


deals with relatively small storage on 
a large stream; the other with a fairly 
high development of a small stream. 
These data are based upon the flow 
record of the Jackson River at Coving- 
ton and the storage curves shown in 
Fig. 5. 

The analysis in Table 1 indicates a 
cost of water of $13.10 per 1 mil gal 
or 1.3¢ per 1,000 gal under Project A. 
The cost under Project B would be 


764 


$32.60 per 1 mil gal or 3.3¢ per 1,000 
gal. For municipal water supplies 
where the retail price may range from 
20¢ or 30¢ per 1,000 gal, the indicated 
cost of storage is relatively small. In 
areas where ground water is not avail- 
able, or where there are no large rivers 
within reasonable distance, additional 
municipal supplies undoubtedly will be 
developed by the construction of stor- 
age reservoirs. Even where the reser- 
voir sites are poor, the cost will not 
impose a serious burden on the aver- 
age municipal water user. 

For industries using small or mod- 
erate quantities of water—up to 1 or 
2 mgd, for example—even the $32.60 
cost per 1 mil gal is not likely to be 
prohibitive. For industries using 
large volumes of water (10 mgd or 
more), the $32.60 cost would almost 
certainly be prohibitive. The $13.10 
cost is not excessive and is comparable 
with that paid in many regions. 

For other industries, the water might 
be worth more in the disposal of wastes 
than as additional water supply. On 
most streams the degree of waste treat- 
ment to be provided is fixed by the ex- 
treme low flows during the dry season. 
For one example studied, it was found 
that by doubling the low flows the 
existing waste disposal works could 
adequately treat 30-40 per cent more 
waste. While the capital cost of build- 
ing a reservoir would be substantially 
greater than the cost of additional 
treatment facilities, there would be a 
large saving in operating expense. 
The benefits to be derived from storage 
in any particular project can be de- 
termined only after thorough study of 
the waste, the cost of treatment, the 
quantity of water required for dilu- 
tion, and the effect of reaeration in the 
particular stream. 

In arid and semi-arid parts of the 
country, the cost of water to farmers 
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The top graph shows data from 28 Appa- 
lachian Mountain Rivers, with a mean 
flow of 1.52 cfs per square mile ; the aver- 
age, minimum, and maximum at 90 per 
cent flow were 0.08, 0.02, and 0.18 cfs 
per square mile respectively. The bottom 
graph shows data from 15 midwestern 
rivers, with a mean flow of 0.81 cfs per 
square mile; average, minimum, and 
maximum for 90 per cent flow were 0.04, 
0.01, and 0.14 cfs per square mile, 
respectively. 


is higher than the cost of storage indi- 
cated in the preceding analysis. The 
farmer’s cost usually includes pumping 
and distribution, and direct compari- 
son is not possible. 

Irrigation is comparatively recent in 
the eastern states and has usually been 
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Fig. 4. Net Storage Required at Tar 
River, Greenville, N.C., and Neuse 
River, Kinston, N.C. 


The top graph ts for the Tar River, with 
a drainage area of 2,620 sq miles, and the 
bottom graph is for the Neuse River, with 
a drainage area of 2,690 sq miles. The 
limiting flow below which water would 
not be taken from the river for mill pur- 
poses 1s designated as the “control flow.” 


confined to areas served easily by 
pumping from wells or nearby streams. 
The small farm ponds so common 
throughout the southeastern states will 
not be adequate in the future, and it 
seems almost certain that irrigation 
districts will be formed so that reser- 
voirs of considerable size can _ be 
financed. 

The reservoirs that have been con- 
sidered in this paper do not offer much 
in the way of hydroelectric power gen- 
eration. One million gallons of water 
falling 100 ft will generate about 250 
kwhr. With power worth 1¢ at the 
power plant, the daily revenue would 
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be $2.50. If this power were available 
24 hr a day, 365 days a year, it might 
be of considerable value, but reser- 
voirs built for low-flow control must 
be drawn down during the dry season, 
and whatever head is available at the 
dam at such times will be lost. 


Examples 


Reservoirs for stream flow regula- 
tion are not new, and there are sev- 
eral instances of successful operation. 
In each, the cost of river regulation 
has been paid for by the principal 
beneficiaries. 

For many years, the Wisconsin 
Valley Improvement Company, char- 
tered in 1907, has built and operated 
reservoirs to reduce floods and to aug- 
ment low flows. The costs have been 
allocated among 26 public utility and 
industrial users who benefit from 
greater and more regular power gen- 
eration. No charges have been levied 
for stream pollution abatement al- 
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Fig. 5. Storage Yield Curves for Jackson 
River, Covington, Va. 


The drainage area is 440 sq miles. 

Curves indicate data for the following: 

A—98 per cent dry year; B—95 per cent 

dry year; C—90 per cent dry year; and 
D—80 per cent dry year. 
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TABLE 1 


Illustrative Storage Projects 


Item 


Drainage area—sg mi 
Minimum daily flow—megd 
Required firm supply —mgd 
Increase in firm supply—mgd 


Flow required per drainage area 
Storage required—mil gal/sq mi 
80 per cent dry year 
95 per cent dry year 
98 per cent dry year 


mil gal 
mil gal 


Storage required 
Design storage 


Estimated cost of reservoir 
Cost per mil gal—$ 
Total cost—$ 


Cost per quantity obtained—$/mgd 
Estimated cost of water 

Interest and amortization 

(4.68 per cent per annum)*—$ 


Operating expenses—$ 
Total 

Increased firm supply of water 

Cost per 1 mil gal--$ 

Cost per 1,000 gal—¢ 


mil zal/yr 


mil gal/sq mi 


* Equal annual payments, for 40 yr. at 34 per cent interest. 


though this valuable byproduct is now 
recognized. 

The Hudson River Regulating Dis- 
trict was established in the state of 
New York in 1922 for flood control 
and river regulation. The 283-bil gal 
Sacandaga Reservoir was built at a 
cost of approximately $11,000,000. 


Interest and amortization on the bonds 
issued by the district have been paid 
by the several municipalities receiving 
flood control benefits and the indus- 
tries and power companies that use the 
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= 
Storage Project 
A B 
400 40 
40 4 
80 16 
40 12 
0.2 0.4 
39 
12 53 
60 
For 95 per cent For 80 per cent 
Dry Year Iry Vear 
4,800 1,560 
5,000 1,700 
750 1,600 
3,750,000 2,720,000 
94,000 226,000 
176,000 128,000 
15,000 15,000 
191,000 143,000 
14,600 4,380 
13.10 32.60 
1.3 3.3 
river for power and water supply. The 
bonds, which carried interest rates of 
4.5-4.7 per cent, are not actual reve- 
nue bonds because the assessment 
against the municipalities and indus- 
tries are liens on the property. Since 


the district was formed, however, the 
indebtedness has been reduced to 
$3,750,000 and nothing has been paid 
by the state of New York or the gen- 
eral taxpayer. As noted in the case of 
the Wisconsin River, stream pollution 
abatement and the improved quality of 
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raw water throughout the Hudson 
River are important benefits, but no 
direct charges are made for these. 

The Savage River Dam on the head- 
waters of the north branch of the Po- 
tomac River was built largely with fed- 
eral funds but is now operated by the 
Upper Potomac River Commission. 
This reservoir, with a capacity of 6,600 
mil gal, is used primarily to increase 
dry-weather flows from about 30 mgd 
to 60 mgd, thus reducing the effects 
of industrial pollution in the river in 
the vicinity of Cumberland. The com- 
mission was established by the state of 
Maryland, but all operating expenses 
are borne by the upriver counties bene- 
fited. The large industries in the re- 
gion are substantial taxpayers in these 
counties and contribute a large part 
of the cost. 

The Miami Conservancy District in 
Ohio, known widely for its pioneering 
work in flood control, has paid off its 
entire indebtedness and is now study- 
ing the feasibility of building additional 
reservoirs for regional water supply 
purposes and low-flow control. 

In spite of the fairly high construc- 
tion costs, reservoirs will provide addi- 
tional water supplies in southeastern 
United States at a much lower cost 
than such other methods as distillation 
or demineralization of brackish waters. 
These other methods, described occa- 
sionally in the press, may be applicable 
in some arid areas, but their cost would 
be many times greater than the cost of 
reservoirs. 


Conclusion 


Reservoirs cannot be built economi- 
cally by private corporations or small 
communities, and, as the demand for 
storage increases, construction by pub- 
lic or semipublic water districts seems 
certain. Such districts should have the 
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power of eminent domain ; under pres- 
ent tax laws they can borrow money 
at low rates. Legislation would be 
required in many states to permit the 
establishment of such districts, but pub- 
lic opinion is generally favorable. In 
some areas, the demand for water is 
such that a district formed to develop 
the water resources could arrange in 
advance for guaranteed annual pay- 
ments by the municipalities and indus- 
tries to be benefited. These guaran- 
tees would serve as the basis for financ- 
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Fig. 6. Approximate Reservoir Costs, 
Appalachian Mountain Area 


Data are based on estimates made for 
proposed reservoirs. 


ing revenue bonds. In areas where the 
immediate revenue would not finance 
the entire cost, it may be advantageous 
to the community to underwrite some 
of the expense in order to encourage 
its industrial development. Except 
where there are natural ground water 
resources, the prospects of developing 
additional water supplies by methods 
less costly than storage are poor in 
most eastern states. Communities 
should band together and join with in- 
dustry to develop these resources now, 
while the necessary sites are still 
available. 
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Futility of Barriers in the San Francisco 
Bay System 


Raymond A. Hill 


A paper delivered on Oct. 28, 1955, at the California Section Meeting, 
Sacramento, Calif., by Raymond A. Hill, Partner, Leeds, Hill & Jewett, 


Cons. Engrs., Los Angeles, Calif. 


N 1953 the author was one of many 

who accepted the premise that some 
barrier should be built across San Fran- 
cisco Bay for salinity control and water 
conservation. There had been, at that 
time, so much discussion about the 
Reber Plan and alternative proposals 
that it seemed as though the contro- 
versy was merely a matter of where 
and how a barrier should be built. It 
had not occurred to the author that the 
premise itseli—that a barrier should be 
built—might be false. 

It was with this background that the 
author accepted the chairmanship of 
the board of consultants appointed by 
the Water Project Authority of the 
State of California, pursuant to the 
Abshire-Kelly Act of 1953 (1). It is 
the author’s belief that similar views 
were held by the other members of the 
board: Hans Kramer, Malcolm Pirnie 
Sr., Charles E. De Leuw, and Philip 
C. Rutledge. Nevertheless, after more 
than a year of intensive study, the 
board came to the unanimous conclu- 
sion that construction of any barrier 
across San Francisco Bay, or any of 
its arms (see Fig. 1), would be futile 
because the primary purposes would 
not be realized, while the correlative 
benefits could be gained by other means. 

The background for this conclusion 
is set forth in the official report of the 
board transmitted to the California 


State Legislature in March 1955. The 
purpose of this paper is to explain 
why construction of any closed barrier 
across San Francisco Bay would be a 
waste of money. 

In the first place, the real purposes 
of a barrier between the fresh waters 
of the Sacramento-San Joaquin river 
system and the salt waters of the 
Pacific Ocean have been obscured in 
the controversies over land reclama- 
tion, transportation, and other matters 
foreign to the original issue. Construc- 
tion of a barrier is not a prerequisite 
to land reclamation; on the contrary, 
land adjacent to San Francisco Bay 
has been reclaimed whenever there was 
economic justification for so doing. 
Much of the business district of San 
Francisco, for example, is on reclaimed 
land. Rail and highway transportation 
around and across San Francisco Bay 
has been provided as the need de- 
veloped ; better transportation does not 
depend upon the construction of a 
barrier or any system of barriers. 

In brief, if there is economic justi- 
fication for reclamation of tidelands in 
the San Francisco Bay region, those 
interested should finance such work 
upon a sound basis. If there is need 
for more transportation facilities, they 
should be provided in the manner in 
which such facilities have heretofore 
been provided. Such correlative mat- 
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ters should be separated from the pri- 
mary purposes of a_barrier—salinity 
control and water conservation. 


Salinity Control 


The need for salinity control arose 
from the fact that there are about 400,- 
000 acres of highly developed agricul- 
tural land in the Sacramento—San Joa- 
quin Delta. The water supply for ir- 
rigation of these lands is obtained from 
both the Sacramento and San Joaquin 
rivers and from the many channels that 
divide the delta into islands. At times 
of flood, the river channels and the in- 
terior channels are swept free of all 
salt water, but during the summer and 
fall of each year, when there is little 
flow in any of the rivers entering the 
delta, tidal action carries salt water up- 
stream from Suisun Bay, the most 
easterly arm of San Francisco Bay. 

Diversions of water for irrigation in 
the Sacramento and San Joaquin val- 
leys progressively depleted the natural 
flow of the rivers entering the delta 
until there was not enough fresh water 
left to repel the salt water. The city 
of Antioch, located near the lower end 
of the delta, then brought legal action 
to force the delivery of more water 
down the Sacramento River during the 
months of low flow. Consequently, 
when the Central Valley Project of 
California was being planned, preven- 
tion of the intrusion of sea water into 
the delta region was a prime con- 
sideration. 

The solution then adopted was the 
impounding of flood waters in upstream 
reservoirs and the release of enough 
water from these reservoirs in the dry 
months of each year to repel the saline 
waters of Suisun Bay from the chan- 
nels of the Sacramento and San Joa- 
quin rivers, and thus from the interior 
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channels of the delta. This procedure 
has been followed and must continue to 
be followed until some other means of 
salinity control is provided. 

Repulsion of sea water is not enough, 
however, to provide full salinity con- 
trol. Surplus waters of the Sacra- 
mento River are carried across the 
delta in natural channels, and are then 
pumped into a canal for delivery into 
the San Joaquin River near Mendota 
in exchange for water diverted out of 
that river further upstream for use in 
the southerly portion of the Central 
Valley. This water, in its transit across 
the delta from the Sacramento River 
to the pumping plant near Tracy, is 
polluted by irrigation return flows and 
rising connate waters. The amount of 
salt thus added to the supply from the 
Sacramento River is so large that there 
are times each year when water de- 
livered into the San Joaquin River 
does not meet the standards of quality 
specified in the agreement under which 
this exchange of water is made. This 
has been embarrassing—to say the least 
—to the Bureau of Reclamation of the 
US Department of the Interior. 

Hence, if only repulsion of ocean 
water from the delta were involved, 
almost any barrier plan would satisfy 
the requirements of salinity control. 
However, a barrier cannot prevent de- 
terioration of the waters of Sacramento 
River carried across the delta for use 
there and in other areas farther south ; 
a barrier would only aggravate the 
present situation by trapping all of the 
salts brought in by irrigation return 
flows and rising connate waters, some 
of which are very saline. 


Water Conservation 


No one should question the eventual 
need for conservation of the large vol- 
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umes of fresh water that now flow into 
San Francisco Bay during the winter 
and spring of each year; the timing and 
method of such conservation efforts 
are, however, other matters. 

Under natural conditions the aver- 
age outflow into San Francisco Bay 
was in excess of 30,000,000 acre-ft per 
year. This average, however, is mean- 
ingless : even before there were any up- 
stream reservoirs, and before diver- 
sions were made from the river for irri- 
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Joaquin system; these hold back much 
of the flood waters that formerly 
reached San Francisco Bay. In addi- 
tion, the diversions of water for irriga- 
tion of land and other purposes now 
exceed the natural runoff in the dry 
months of each year, requiring the re- 
lease of water from these upstream 
reservoirs. 

There is no justification for the as- 
sertion frequently made that more than 
30,000,000 acre-ft of water per year 
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gation and other purposes, there were 
wet years in which great floods oc- 
curred and dry years in which much 
less than the average outflow wasted 
to the ocean. Furthermore, during the 
summer and fall months of each year, 
the natural flow of the Sacramento and 
San Joaquin rivers was small com- 
pared to the runoff during the winter 
and spring. 

There are now many storage dams 
on the rivers of the Sacramento—San 


Proposed Barrier Sites, San Francisco Bay Area 


now wastes to the ocean. There is 
even less basis for the claim that 10,- 
000,000 acre-ft of water could be con- 
served each year by the construction 
of barriers in San Francisco Bay. A 
few of the facts disproving such claims 
will be considered here. 

The total surface inflow to the Sacra- 
mento—San Joaquin Delta averaged 
only 12,300,000 acre-ft per year during 
the 6-year period October 1928—Sep- 
tember 1934. Consumptive uses of 
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this water were in the order of 1,300,- 
000 acre-ft per year. The waste of 
fresh water into Suisun Bay thus aver- 
aged only 11,000,000 acre-ft per year. 
This was the quantity available his- 
torically during an extended drought 
for conservation in a barrier pool or 
by other means. 

Since then, Shasta Dam and other 
storage works have been built. The 
effect of these has been computed by 
the state Division of Water Resources 
(2). The quantities of water that 
would still have wasted in these years 
into Suisun Bay under present condi- 
tions of development upstream is shown 
in Table 1. Even if all other inflow to 


TABLE 1 


Inflow to Suisun Bay After Regulation in 
Existing Reservoirs, 1928-34 


Inflow 

Years acre-ft 
1928-29 5,654,000 
1929-30 10,589,000 
1930-31 3,987,000 
1931-32 11,665,000 
1932-33 5,913,000 
1933-34 6,299,000 
Avg 7,334,500 


San Francisco Bay were added, the 
total waste of fresh water would aver- 
age less than 8,000,000 acre-ft per year 
during a similar period of 6 consecu- 
tive dry years. This is only about one- 
quarter of the waste that occurred be- 
fore use was made of the waters of the 
rivers entering the bay. 

The time of occurrence of floods in 
the Sacramento and San Joaquin rivers 
is also of particular significance in the 
consideration of a barrier as a means of 
water conservation. Such floods oc- 
cur only in the winter and spring of 
each year. During the summer and fall 
of each year the fresh water now en- 
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tering Suisun Bay is limited to irriga- 
tion return flows and releases of stored 
water for salinity control. The quan- 
tities of water given in Table 1 include 
water released from upstream storage 
reservoirs to maintain a residual out- 
flow from the delta of 3,800 cfs for 
salinity control. 

If a closed barrier were built at any 
point between the mouth of Sacra- 
mento River and the Golden Gate to 
prevent the salt waters from the ocean 
mixing with the fresh waters in the 
river channels bordering the delta, 
there would obviously be no purpose 
in continuing such releases of water 
from upstream reservoirs for salinity 
control. The quantity of fresh water 
that would reach Suisun Bay under 
such conditions would be only that 
portion of the river flows which could 
not be diverted for use in the valleys 
of the Sacramento and San Joaquin 
rivers, or within the delta itself, 

The supply available for conserva- 
tion in a barrier pool, therefore, would 
consist only of those flood waters which 
could not be controlled by storage in 
existing reservoirs in the Sacramento— 
San Joaquin River system, or which 
could not more profitably be conserved 
in new reservoirs, such as Oroville 
Reservoir on the Feather River. Yet 
John M. Reber, in a signed article on 
the editorial page of the San Francisco 
Chronicie (3), has stated: 


The Reber Plan would create two huge 
fresh-water lakes having a capacity of an 
estimated 10,000,000 acre-ft of water. 
But the “secret” of the water conservation 
and distribution is that water would be 
running into these lakes every second of 
every year. 

The plan, therefore, would be to “take 
out” during the “inflow.” In _ other 
words, these fresh-water lakes would act 
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exactly as does a “watering trough.” 
You need one-third of the annual inflow 
to supply all of California’s needs. The 
remainder just keeps flowing out through 
the Golden Gate. Water would be flow- 
ing over the barrier all the time, year in 
and year out. The consultants did not 
understand this at all. They said the 
water which could be saved would be 
what could be stored in the lakes between 
midtide and high tide. 


In view of this statement, it would 
be well to consider a few more facts. 
The surface area of all of the pools 
that could be formed under the Reber 
plan would be about 250,000 acres. 
In order for the effective capacity of 
the lakes involved to be 10,000,000 
acre-ft, there would have to be a 40-ft 
range in water level. This would re- 
quire that the barrier pools be emptied 
at the end of a dry season and that the 
city of Sacramento be submerged dur- 
ing floods. 

The highest level to which water 
could be stored without inviting inunda- 
of the Sacramento—San Joaquin Delta 
during floods would be maximum high 
tide level, about 4 ft above mean sea 
level. The lowest level to which the 
water could be drawn down without 
serious interference to navigation would 
be mean sea level. The conceivable 
range would thus be only 4 ft, not 40 
ft. This would provide 1,000,000 acre- 
ft of effective storage in these lakes, 
not 10,000,000—a mere matter of a 
floating decimal point. 

In the opinion of the board of con- 
sultants, the practical limit of fluctu- 
ation of water levels in any barrier 
pool would be about 3 ft, and the board 
felt that experience in operation would 
demonstrate the desirability of less 
fluctuation in order to avoid adverse 
effects on navigation and to minimize 
the flood control problem in the delta. 
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It should be obvious, therefore, that 
there is little opportunity for conserva- 
tion of water behind any system of bar- 
riers because of the limited storage ca- 
pacity that could be used for storage 
of flood inflows and because the inflow 
would be small during the summer and 
fall of each year. Furthermore, 
evaporation losses from the surface of 
a barrier pool during the summer and 
fall would alone cause a lowering of 
more than 2 ft and there would also be 
losses of fresh water through locks and 
fish ladders. Hence, the conclusion 
reached 20 years ago, that storage 
could be provided in upstream reser- 
voirs more economically than in a bar- 
rier pool, is still valid. 


Quality of Water 


Even if the question of the quantity 
of water that could be conserved by 
construction of a barrier or system of 
barriers in San Francisco Bay is ig- 
nored, there remains the question of 
the quality of that water. Unless the 
water so conserved will be usable for 
all purposes at all times, nothing would 
be gained. 

It is not sufficient for the proponents 
of barriers to state that the water is 
pure when it flows off the Sierra Ne- 
vada, and that all that is necessary is 
to control pollution of the water be- 
tween the mountains and the barrier 
pool. The author doubts that the State 
Water Pollution Control Boards of 
California would care to undertake the 
task of preventing deterioration of the 
quality of the water, because they are 
accustomed to dealing with physical 
facts. 

It is inevitable that the pure waters 
leaving the mountains will not remain 
pure for the following reasons: 
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1. Much of the water will be used 
for the irrigation of land, and the re- 
turn flows will contain substantially 
more salts than the natural water. 

2. Some of the water will be used 
for domestic and industrial purposes, 
resulting in greater concentrations of 
soluble salts. 

3. Some of the inflow to Suisun Bay 
is now saline connate water that cannot 
physically be intercepted. 

4. There will be some transfer of 
sea water through navigation locks. 

5. Salt now in the deposits underly- 
ing the present salt water bays will dif- 
fuse upward into the overlying fresh 
water in any barrier pool. 

The combined effect of all these fac- 
tors would result in the impounded 
water becoming too saline for many 
uses during an extended drought when 
there would be little, if any, outflow 
through the spillways at the barrier. 

The quality of the water must also 
be considered, of course, from the 
standpoint of organic pollution. Such 
pollution could come from the disposal 
of sewage from the many communities 
in the Bay Region even though every 
reasonable precaution were taken; it 
could also come from the wastes of 
industrial plants. Furthermore, con- 
ditions would be favorable to the 
growth of algae because any barrier 
pool would be relatively shallow and 
the temperature of the water would ap- 
proach the mean daily air temperature 
toward the end of each summer. 

It is unnecessary to emphasize the 
risk of organic pollution: it requires 
little imagination to visualize the water 
in a barrier pool becoming foul. 


Alternatives 


Fortunately, the futility of bay bar- 
riers as a means of conserving water 
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of suitable quality is not of serious 
moment. There are alternative and, 
indeed, better solutions to the problem. 

It is doubtful that anyone now seri- 
ously questions the wisdom of the con- 
struction of Shasta Dam in lieu of a 
barrier when this decision was made 
20 years ago; nor is it likely that any- 
one seriously questions the desirability 
of the construction of other dams that 
have since been built on the Yuba, 
American, San Joaquin, and Kings 
rivers. It is the author’s conviction 
that 25 years from now the wisdom 
of constructing Oroville Dam on the 
Feather River will not be questioned. 
Much more effective storage can be 
provided in this and other proposed 
reservoirs than could possibly be made 
available for water conservation under 
any barrier plan. 

There is also the alternative plan 
suggested by Cornelus Biemond, the 
renowned Dutch engineer, who studied 
the problem last year. Biemond pro- 
posed, in effect, that the fresh and rela- 
tively pure water of the Sacramento 
River be conveyed across the delta in a 
separate channel, thereby preventing 
any pollution or contamination of the 
fresh water by sea water or by irriga- 
tion return flows or rising connate 
waters. The water supply for the delta 
lands would be taken from this sepa- 
rate channel so that there would no 
longer be need for the release of water 
from upstream reservoirs for salinity 
control. The polluted return waters 
and the saline connate waters would 
not be intercepted; they would flow 
into Suisun Bay and be carried out to 
the ocean by tidal action, just as indus- 
trial wastes and sewage are now dis- 
posed of naturally. 

In brief, under this alternative plan, 
the fresh water would not be permitted 
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to commingle with any less desirable 
water; under any barrier plan, the so- 
called “fresh-water” lake would trap 
all waters of undesirable quality re- 
gardless of their origin. 

The Biemond Plan was _ recom- 
mended by the board of consultants 
because it would best accomplish the 
real purposes of salinity control and 
water conservation. The board could 
not recommend the construction of a 
bay barrier because any barrier lake 
would be the cesspool of the great Cen- 
tral Valley of California. 
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Correction 


In the paper, “Some Novel Approaches to Population Studies,” by K. L. 
Kollar (April 1956 JourNAL), the integration on p. 430 is in error. 


(=) and (5) should read, respectively: (1 + bx) and (1+ br). 
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and Odor Control 
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A paper presented on Oct. 27, 1955, at the California Section Meeting, 
Sacramento, Calif., by Ray L. Derby, Prin. San. Engr., Dept. of Water 
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HE city of Los Angeles operates 

sixteen major reservoirs in South- 
ern California. These vary in capacity 
from approximately 100 acre-ft to 
more than 36,000 acre-ft and in maxi- 
mum depth from 25 to 130 ft. 

The summer stratification of these 
deeper reservoirs often curtails the use 
of the deep waters and creates taste 
and odor problems in the late summer 
and fall. These problems become espe- 
cially troublesome in the older reser- 
voirs where existing outlet structures 
are not versatile enough to permit 
avoidance of the water strata which 
have become objectionable. Two such 
reservoirs which have required special 
attention are those at Encino and 
Lower Hollywood. Pertinent data for 
these reservoirs are shown in Table 1. 

Figure 1 shows typical conditions 
at the Lower Hollywood reservoir. 
Under some high-flow operation it be- 
comes necessary to use three or four 
of the five gate elevations. The bottom 
gate at el 580 (not shown) is buried 
under many years’ accumulation of silt 
and organic debris and cannot be used. 
The graphs in the center of the chart 
show temperature and depth relation- 
ships at different periods of the year. 
The circulating zone, or epilimnion, 
gradually increases in temperature 
throughout the spring and summer, re- 
sulting in the formation of a relatively 
narrow stratum characterized by sharp 
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temperature differentials. This layer 
is called the transition zone, mesolim- 
nion, or thermocline, and it effectively 
prevents the stagnation zone, or hypo- 
limnion, from replenishing its oxygen 
supply. 

The hypolimnion is the problem 
zone. Shut off from a source of DO 
by the thermocline, the hypolimnion 
suffers oxygen depletion, which results 
in the anaerobic decomposition of or- 
ganic debris such as dead algae, 
aquatic weeds, leaves, and dead fish. 
This causes tastes and odors, produces 
a more acid environment, promotes sul- 
fide formation, and results in increased 
ammonia, phosphates, nitrogen, and 
various metallic constituents. 

Table 2 shows progressive changes 
in water quality during stratification at 
the Lower Hollywood reservoir. The 
tremendous increase in the products 
of anaerobic decomposition below the 
thermocline is readily noted. These 
changes deteriorate water quality be- 
cause excessive tastes and odors will 
enter the circulating zone during the 
fall equalization. In addition, the high 
ammonia and hydrogen sulfide content 
will require several times the normal 
chlorine dose in order to maintain a 
free chlorine residual in the distribu- 
tion system. Increases in phosphates, 
nitrogen, and ammonia also add to the 
already burdensome algae problems. 
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Experimental Aeration 


In recent years the buildup of or- 
ganic material in the Lower Holly- 
wood and Encino reservoirs has been 
so fast that it has become necessary to 
reduce tastes and odors originating 
under anaerobic conditions near the 
reservoir bottoms. This problem was 
first attacked in 1953, when compressed 
air was used at both reservoirs. At 
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tried in 1954. Gas-feed equipment was 
first used because gas diffuses through 
a much greater depth of water than 
does solution feed. It was soon found 
that high back pressure at the depth 
treated (130 ft) caused 
liquefaction of the gas, thus rendering 
the use of plastic or rubber tubing im- 
possible. Even copper tubing would 
not hold up at the water line, where 
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Fig. 1. 


Epilimnion 


c 


Hypolimnion——~ 


Temperature — °C 


Lower Hollywood Reservoir Temperatures, 1953 


Curves indicate temperature changes at various stratifications 
for following days of test: Curve A, Mar. 5; Curve B, Jul. 16; 
Curve C, Aug. 26; Curve D, Nov. 6. 


that time an attempt was made to lift 
the oxygen-deficitent bottom water by 
air entrainment. Water was moved 
in large volumes but it tended to fall 
back to the deep zone. Insufficient 
horizontal circulation prevented com- 
plete success, but the thermocline was 
definitely lowered in both reservoirs. 


Chlorination at Lower Hollywood 


Chlorination of the hypolimnion at 
the Lower Hollywood reservoir was 


the liquefaction apparently occurred. 
Some success was finally achieved by 
feeding both gas and liquid chlorine 
through 4-in. black-iron pipe to a grid 
located about 2 ft above the bottom of 
the reservoir. The bulk of the gas 
tended to go into solution 10-25 ft 
above the bottom, however, and it was 
decided to experiment with solution 
feed in 1955. 

Figure 2 shows details of the 1955 
chlorine solution feed line at Lower 
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Hollywood. The suction line extended 
130 ft to the bottom of the reservoir, 
and the discharge line to the same 
depth about 350 ft distant from the 
suction line. It was hoped that by 
drawing off water of the same density 
and temperature as that at the point of 
discharge the chlorine solution would 
diffuse in the bottom area where it 
was most needed. 


TABLE 1 
Capacity Data for Encino and Lower Holiywood 


Reservoirs 


Encino Lower 
Item Hollywood 


Reservoir Reservoir 

Capacity—acre-ft 3,000 4,000 
Area—acres 80 82 
High water to bottom | 

gate—ft | 63 106 
High water to present 

bottom—ft 97 130 
Volume in hypolimnion* 

—acre-ft 100 | 120 


* Maximum at start of season. 


Both of these lines are 14-in. high- 
impact strength polyvinyl chloride plas- 
tic. The discharge line is capped and 
the last 15 ft of plastic pipe is drilled 
with 30 4-in. holes to facilitate diffu- 
sion. After considerable experimenta- 
tion it was found necessary to make 
the suction and discharge lines adjust- 
able so that water of optimum tempera- 
ture could be taken from or discharged 
into any stratum. Recent experiments 
indicate that it may not always be 
necessary to use the cold bottom water 
for the suction line. Using high- 
pressure water with a temperature 
10°C higher than the stratum into 
which it was discharged, it was pos- 
sible to keep the chlorine near the 
bottom. This indicates that the diffu- 
sion at the discharge outlet plus the 
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increase in density caused by the solu- 
tion of chlorine was sufficient to coun- 
teract the temperature differential. 
Absolute control of chlorine concen- 
trations in the hypolimnion is not pos- 
sible under the conditions described. 
An average feed of 200 Ib per day was 
started. Concentrations of 0-300 ppm 
in the bottom zones were observed. 
Concentrations in strata within 12 in. 


Chicrine Tank 
Solution-Feed Chlorinator 


Water Stage 


Diffusion Outlet 


BS 


Fig. 2. Deep-Water Chlorine Solution 
Feeder, Lower Hollywood Reservoir 


Discharge line from chlorinator to diffu- 
sion outlet (at a depth of 130 ft) consists 
of 350 ft of 14-in. polyvinyl plastic tub- 
ing. The last 15 ft of this tubing is 
drilled with 30 3-in. holes to facilitate 
diffusion. Height of suction for dis- 
charge lines may be adjusted by manipu- 
lation of double plastic clothesline wire 
looped through anchor ring and float. 


of each other varied as much as 50 ppm 
and remained that way for several days. 
At one time difficulty was experienced 
getting chlorine into the thermocline, 
where small amounts of sulfide per- 
sisted. Regardless of the elevation at 
which the chlorine was introduced, it 
would end up either below or above the 
sulfide. Even the introduction of a 
ton of liquid chlorine did not eliminate 
this “sulfide sandwich.” It was finally 
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overcome by increasing the solution 
feed to 400 Ib per day and building the 
concentration up so high (150 ppm) 
in the hypolimnion that diffusion finally 
“overpowered” the trace of sulfide. In 
spite of the difficulties encountered in 
diffusing the chlorine, the overall re- 
sults were quite encouraging. 

Table 3 shows the chemical changes 
in the hypolimnion before chlorination 
in 1953 and after chlorination in 1955. 
The reduction in decomposition prod- 
ucts was very gratifying. 


Water Stage, 
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lems caused by liquefaction of the chlo- 
rine gas have been encountered at this 
depth. 

Figure 3 shows the details of this in- 
stallation. It consists of a gas-feed 
chlorinator feeding through 400 ft of 
}-in. standard-strength black-iron pipe 
terminating in a 10-ft polyvinyl plastic 
diffuser line. It was expected that the 
sloping line extending approximately 
400 ft would operate satisfactorily ; it 
clogged, however, during the first 
week. Since it was dismantled and 


Detail 


Dry-Feed 
Chlorinator 
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Compressor 


1-Ton Chiorine 
Tank 


Chlorine Diffuser 


Fig. 3. Chlorine Gas Feed at Encino Reservoir 


The chlorine diffuser, protected from bottom mud by load sup- 

ports, is attached by plastic-covered wire clothesline to sub- 

merged rubber float and marker. Chiorine gas is piped from 

feeder unit (shown in detail) through 400 ft of 4-in. black- 

tron pipe which is kept from bottom by 3-ft wooden strips 

wired to joints. Diffuser consists of 10 ft of drilled polyvinyl 
chloride plastic tubing. 


Chlorination at Encino 


Because of the relative simplicity of 
gas-feed chlorination and also because 
high-pressure water and power were 
not readily available, it was decided to 
try gas feed first at Encino. The dose 
averaged 100 Ib per day and was ap- 
plied at a depth of 85 ft. No prob- 


cleaned it has been possible to keep the 
line in operation for 5 months by blow- 
ing it out with compressed air when- 
ever excessive back pressure is noted. 
Water is first allowed to enter the pipe- 
line. This dissolves the ferric chloride 
that accumulates in the line. Air pres- 
sure then clears the line. This is re- 
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peated several times and the line re- 
turned to service. Following this 
procedure it has been possible to main- 
tain a good chlorine residual in the 
hypolimnion since June 1955 with no 
sulfide formation. Chlorination was 
stopped in October 1955. From 
this single season’s experience it ap- 
pears that the line will last at least 4-5 
months with this type of operation. 
Figure 4 shows typical conditions at 
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gate is the only one that can be used. 
As can be seen on the chart, if chlo- 
rination is not used there is danger of 
complete oxygen depletion in the area 
of the gate. This will result in sulfide 
formation, or at best delivery of a 
water so low in DO that problems will 
develop in the distribution system. 
When chlorination is used, it requires 
constant surveillance to make certain 
excessive chlorine is not drawn into 
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Encino during chlorination. It will be the distribution system. 
Gates High Water 
DO Cl, 
987 2 
ppm Water Stage 
74——0.0 
* 
5 74 00 
955- 6.8 0.0 
0.3 
15 36 
3.6 
45 
0.6 
0.6 0.2 | | 
aA 
Temperature — °C 
Fig. 4. Effect of Chlorination of Bottom Waters, 


Encino Reservoir 


Data and curve shown are for date of Sep. 15, 1955. Anaero 
bic conditions are prevented for the entire depth by either 
DO or chlorine concentrations. 


noted that anaerobic conditions are 
prevented for the entire depth by either 
DO or chlorine. This chart also dem- 
onstrates the problems which can be 
caused by inadequate gate elevations. 
Encino has only three gate elevations, 
the lowest of which (921 ft) is buried 
in mud. During the late summer the 
top gate is out of water, so the 955-ft 


Conclusions 


Although chlorination of deep 
summer-stratified waters is still in the 
experimental phase, current results 
have been encouraging. Tastes and 
odors caused by anaerobic decomposi- 
tion in the hypolimnion have been 
greatly reduced and it is believed that 
the difficulties encountered and the ex- 
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perience gained will provide the basis 
for more satisfactory results in 1956. 
In spite of some measure of success in 
solving the problems presented, it 
should be kept in mind that this type 
of treatment is only a palliative meas- 


TABLE 2 


Water Quality Detericration During Stratifica- 
tion—Lower Hollywood Reservoir, 1953* 


| | | 
| Apr. 11 |} 


Jun. 9 | Oct. 2 

Item 
Concentration—ppm 

DO 9.1 0.0 0.0 
Sulfide (S~~) 00 | 28 | 10.1 
Ammonia (NH3) 0.2 | 3.8 13.0 
TKNt 0.6 | 48 | 15.1 
Phosphate (PO,) | 0.4 | 27 | 5.8 


* Samples taken at el 590. 
+ Total Kjeldahl nitrogen. 


ure and can never completely remedy 
fundamental deficiencies in the design 
and operation of the reservoirs them- 
selves. It is apparent that far-sighted 
planning should provide sufficient gate 
area at enough elevations to prevent or 
avoid problems associated with sum- 
mer stratification. The lowest gate is 
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the most important in this problem. 
It should be located within a few feet 
of the bottom and be of sufficient ca- 
pacity to remove the entire potential 
hypolimnion before oxygen depletion 
can take place. 


TABLE 3 
Chemical Changes in Hypolimnion—Lower 
Hollywood Reservoir, 1953-55* 
= 
| Sep. 1953 Sep. 1955 
Item 
Concentration—ppm 
Ammonia (NHs) | 13.0 0.05 
TKNt 15.0 | 1.2 
Phosphate (PO,) | 5.8 3.3 
Sulfide (S~~) 10.0 0.0 
Chlorine (Cl2) 0.0 80.0 


* Samples taken at el 590. 
t Total Kjeldahl nitrogen. 


In general, gates should be closer to- 
gether in the deeper zones to provide 
greater versatility and choice of water. 
In reservoirs subject to seasonal draw- 
down, relatively fewer gates are neces- 
sary near the surface as they will be 
too close to the surface or out of water 
much of the time. 
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Method for Collecting and Filtering Water 
Samples Without Airborne Contamination 


Norvel M. McClung 


A contribution to the Journal by Norvel M. McClung, Prof. of Botany, 
Univ. of Kansas, Lawrence, Kansas. 


by Research Grant E-153 (C4), National Inst. of Health, USPHS. 


N studies of the microflora of media 

in which the number of microorgan- 
isms is low, it is necessary to collect 
and concentrate samples without con- 
tamination by airborne organisms. A 
simple and effective method was de- 
vised for the collection and concentra- 
tion of microorganisms in finished wa- 
ter from city water systems in a study 
of the survival of fungus spores in this 
medium. This method, which could be 
adapted for the collection and concen- 
tration of microorganisms in other 
media, will be briefly described. 

Four-liter pyrex serum bottles served 
as collecting vessels. They were pre- 


pared as shown in Fig. 1, and sterilized 
by autoclaving. 

A pipet cleaner, which served as a 
manifold, was fitted with a rubber hose 
and a slip-on connector and similarly 
sterilized by autoclaving (see Fig. 2). 


The investigation was supported 


The water faucet at the collecting 
site was sterilized, after flushing, by 
flaming with an alcohol torch. The 
rubber tubes from the collection bottles 
were then connected to glass tubing 
outlets on the manifold, as shown in 
Fig. 3. The rubber slip-on connector 
was fitted to the faucet, and the water 
was collected. In this way as many as 
24 collections could be made simul- 
taneously. Whenever bottles did not 
fill at the same rate, they were clamped 
off as they became completely filled. 

A modification of the molecular filter 
membrane apparatus for hydrosols * 
was made to permit filtration of water 
without contamination by airborne or- 
ganisms. As illustrated in the left half 
of Fig. 4, the cover of the hydrosol unit 

* Filters and holders used were manufac- 


tured by the Millipore Filter Corp., Water- 
town, Mass. 


Sterile 4-Liter Pyrex 
Serum Bottle 
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Fig. 2. Pipet Cleaner as Collecting 


Manifold 


Fie 
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(ordinarily used for field sterilization) 
was adapted for the present purpose by 
inserting brass screws in the holes, and 
soldering a 3-in. copper tube in the 
center opening. In the model shown in 
the right half of the figure, a lucite cover 
was made to fit the top of the filter 
unit, and a glass rod inserted to permit 
the entrance of water. 


After the filters and covers were 


sterilized by autoclaving, the covers 
were put in place and sealed with mask- 
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ing tape. Filtering was accomplished 
by attaching delivery tubes from the 
sample bottles to the tube passing 
through the filter cover, and siphoning 
the sample into the filter by means of 
a vacuum pump. A clamp was used 
on the delivery tube to control the rate 
of the inflowing sample according to 
the filtering speed. By changing the 
filter membranes in a hood, aerial con- 
tamination could be eliminated at this 
step. 


Fig. 4. Hydrosol Filter Units With Airtight Lids 


Fig. 3. Apparatus Arranged for Collecting Twelve Samples Simultaneously 


Acid Pretreatment in Aluminum and 
Fluoride Determinations 


William R. Jones and Bert W. Clark 


A contribution to the Journal by William R. Jones, Chemist and Bac- 
teriologist, and Bert W. Clark, Chemist and Bacteriologist, both of the 


Water Dept., Minneapolis, Minn. 


URING the course of a series of 
fluoride determinations on Min- 
neapolis finished water, discrepancies 
were noted in the results when the 
procedure given in Standard Methods 
(1) was used for determining the alu- 
minum correction. Investigation dis- 
closed that a better correlation of the 
data could be obtained when the alu- 
minum sample was initially treated 
with acid. Good results prevailed 
when a 50-ml aluminum sample was 
treated with an excess of 0.2 or 0.3 ml 
of 0.1 N sulfuric acid beyond the total- 
alkalinity or methyl orange endpoint. 
Because of the additional solubility 
of aluminum caused by the presence of 
acid, it is important in certain situ- 
ations to know the amount of acid- 
reactive aluminum in a sample rather 
than the concentration of neutral- 
reactive aluminum as given in the 
standard procedure. The influence of 
aluminum in the fluoride determination 
represents an illustration in _ point. 
The same wouid be true of other deter- 
minations performed under acid condi- 
tions in which aluminum might have a 
significant positive or negative effect. 
Sample acidification has been found 
useful in the determination of alumi- 
num in Minneapolis water. A rise in 
the pH of Minneapolis finished water 
is associated with increased aluminum 
residual. The stability of the alumi- 
num residual may be limited, as a 
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clear sample of plant effluent having 
an initial pH of about 8.4 or more 
often gives a visible alum floc approxi- 
mately 20 min after treatment with 
carbon dioxide. 

The aluminum procedure in Stand- 
ard Methods (1) fails to determine 
such insoluble aluminum forms as, 
among others, alum floc or complex 
aluminum silicates. Obviously, when 
acid is applied to a sample containing 
alum floc, the floc dissolves, yielding 
higher aluminum values than those ob- 
tained by the standard colorimetric 
procedure. It should be emphasized 
here that aluminum in forms other 
than alum floc can conceivably dissolve 
under the specified acid conditions. 


Experimental Details 


The aluminum values in this study 
were obtained by visual comparison 
with standards made up as’ follows: 
About 50 ml of distilled water in each 
short-form (165 mm) 100-ml Nessler 
tube was mixed with 0.2 ml of 0.1 N 
sulfuric acid. An appropriate amount 
of standard aluminum solution con- 
taining 0.880 g per liter (g/l) of 
AIK(SO,),°12H,O was then added. 
The contents of each tube were mixed 
and allowed to stand at least 1 hr. 
The standards were then made up to 
the 100-ml mark with distilled water, 
treated with 5 ml of acetate buffer 
solution (see Standard Methods for 
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Fig. 1. Determining Fluoride Concentration in Presence of 
Aluminum in Water 
Correction curves such as these can be constructed only if 
aluminum is the only interfering substance. The aluminum 
must first be stabilized by acid pretreatment. 
the preparation of this solution and AIK(SO,),-12H,O. From each of 


the aluminon reagent) from an auto- 
matic pipet, and mixed. Aluminon 
indicator, delivered by a 2-ml automatic 
pipet, was then mixed with the con- 
tents of each tube, and comparisons 
were made at the end of 20 min. The 
aluminum standards prepared in this 
manner were found to be reproducible. 

The dilute “working standard solu- 
tion” recommended in Standard 
Methods is satisfactory only when 
freshly prepared. This fact was ascer- 
tained by preparing three aluminum 
stock solutions composed of 0.088, 
0.880, and 8.795 g/l, respectively, of 


these stock solutions a 1.0-mg/I alumi- 
num standard was made up a week 
later. The standard prepared from the 
weakest stock solution showed only 
0.83 mg/l of aluminum, whereas the 
strongest stock solution sample checked 
the regular 1.0-mg/] standard. It is 
therefore recommended that for acid- 
reactive aluminum the working stand- 
ard solution be composed of 0.880 g/1 
of AIK(SO,),°12H,O. 

In plant practice, a 50-ml water 
sample was treated with an excess of 
0.2 or 0.3 ml of 0.1 N H,SO, beyond 
the total-alkalinity (methyl orange) 
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endpoint. The sample was allowed to 
stand at least 1 hr, and preferably 
overnight or even longer. This step 
insured the solution of greater amounts 
of aluminum before the acetate buffer 
and aluminon indicator were added. 
Increased aluminum values were found 
in Minneapolis water by the acid pro- 
cedure as opposed to those obtained 
with the current standard method. 
Best results were obtained when the 
free chlorine in a sample was reduced 
with sodium thiosulfate just ahead of 
the buffer treatment in the test. Low 
readings occurred on testing for alumi- 


num when the water sample was 
treated with sodium thiosulfate and 
acid, and then allowed to stand 
overnight. 
Evaluation 


It is the opinion of the authors that 
the present standard method should be 
abandoned, that all samples and stand- 
ards used in testing for aluminum 
should be pretreated with acid, and 
that the amount of excess acid used per 
volume of sample or standard appears 
to make little difference over a wide 
range of acid concentrations, provided 
that the final pH of the buffered solu- 
tions is rigidly controlled at a fixed 
value. 

The present standard method pro- 
duces colors which are less intense than 
are the colors in acid-pretreated stand- 
ards. Minneapolis aluminum stand- 
ards prepared without acid pretreat- 
ment became unstable progressively on 
dilution, depending both upon the time 
and upon the degree of dilution. This 
effect was attributed in part to an un- 
known interference in the Minneapolis 
distilled water. Acid-pretreated stand- 
ards or samples, however, were found 
to be consistent and reproducible in 
color development. 
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Fluoride Determination 


The presence of aluminum has a 
considerable bearing on the fluoride 
determination. Various attempts have 
been made to provide correction curves 
for fluoride in the presence of alumi- 
num. If aluminum is the only inter- 
fering substance in a water supply, cor- 
rection curves such as those illustrated 
in Fig. 1 can be constructed for the 
presence of aluminum, provided that 
the aluminum is first stabilized by acid 
pretreatment. 

Such correction curves can be ap- 
plied to the estimation of fluoride and 
aluminum in Minneapolis drinking 
water. One of two 100-ml portions is 
treated with 0.5 mg/l fluoride while 
the other portion is left untouched. 
Both portions are then acidified with 
enough 0.1 N H,SO, to neutralize the 
total alkalinity plus an excess of 0.4 ml 
of 0.1 N H,SO,. The samples are al- 
lowed to stand for 2 hr, after which the 
apparent fluoride concentration is esti- 
mated by the Megregian-Maier visual 
procedure (2). In a typical case, the 
portion treated with 0.5 mg/l fluoride 
showed 0.90 mg/I fluoride while the 
untreated aliquot showed 0.62 mg/l 
fluoride. Reference to Fig. 1 gives the 
aluminum curve which intersects the 
0.90 mg/l and 0.62 mg/I ordinates in 
such a manner that the difference be- 
tween them is 0.5 mg/l on the true 
fluoride axis. The graph shows that 
the unknown amount of fluoride in this 
case is 1.06 mg/l. Incidentally, the 
effective aluminum concentration is 
also obtained at the same time, and, in 
this example, is seen from the graph 
to be about half way between d mg/1 
and e mg/l. Aluminum concentration 
curves above e mg/l! will yield differ- 
ences greater than 0.5 mg/I fluoride 
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on the true fluoride axis, while those 
below d mg/] aluminum will yield dif- 
ferences less than 0.5 mg/l! fluoride. 
Aluminum curve, a, for example, 
shows a difference of only 0.3 mg/l 
fluoride on the true axis. This is 
known to be incorrect because 0.5 mg/1 
fluoride was added. 


Michael J. Taras 


Research San. Chemist, Dept. of Water 
Supply, Detroit, Mich. 


The procedure proposed by Jones 
and Clark was checked on Detroit 
water samples along with the standard 
aluminum procedure. The data are 
shown in Table 1. Within the limits 
of experimental error, comparable re- 
sults were obtained by both procedures 
on plant water which had passed 
through the sand filters on the specified 
days. Appreciably higher aluminum 
values were demonstrated by the 
Jones-Clark procedure on the plant 
water which had been coagulated with 
filter alum (mixed water), and also on 
the plant samples collected from the 
top of the sand filters (applied water ). 

The comparable results obtained 
with the filtered water indicated the 
absence of alum floc, a fact confirmed 
by visual examination of the samples. 
The higher aluminum values which fol- 
lowed the acidification of the mixed 
and applied samples, on the other 
hand, could be ascribed to the solution 
of a significant amount of alum floc, a 
finding also substantiated by observa- 
tion. The standard aluminum proce- 
dure responds primarily to such solu- 
ble aluminum forms as those yielded 
by the sulfate salt. Once a floc ap- 
pears, however, the acid-conditioning 
procedure recommended by Jones and 
Clark is useful for redissolving the 
.floc. Thus, the numerical difference 
found by performing the aluminum de- 
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TABLE 1 


Comparison of Aluminum Methods 


Aluminum 
Concentratic mg/l 
lime of Sampling 


Standard Jones-Clark 
Method* | Procedure 


Filtered Water 


10 aM, Sep. 21, 1955 | 0.27, 0.26 | 0.25, 0.25 
10 am, Sep. 22, 1955 | 0.30, 0.30 | 0.33, 0.30 
1 pm, Sep. 22, 1955 | 0.33,0.33 | 0.30, 0.30 
3 pM, Sep. 22, 1955 | 0.32, 0.33 | 0.30, 0.30 
10 am, Sep. 23, 1955 | 0.24, 0.26 | 0.25, 0.25 
2 pm, Sep. 26, 1955 | 0.21,0.21 | 0.20, 0.20 


Applied Water 
3 pM, Sep. 23, 1955 | 0.21, 0.23 | 0.40, 0.40 


2 pM, Sep. 26, 1955 | 0.23, 0.24 | 0.35, 0.35 


Mixed Water 


2 pm, Sep. 26, 1955 | 0.34, 0.34 | 0.65, 0.65 


* Measurements were made photometrically with a 
5-cm light path and a green color filter (525 my). 


termination in the presence and ab- 
sence of acid provides an estimate of 
the alum floc in a plant sample. On 
this account, both the present stand- 
ard method and the modification pro- 
posed by Jones and Clark can serve a 
purpose in the laboratory control of 
coagulation. 

Separate aluminum standards must 
be prepared when both the standard 
and the Jones-Clark procedures are 
used. The same aluminum standards 
are not applicable for both procedures. 


Filtration 


Revision of ‘Water Quality and Treatment’ Chapter 11 


A revision of Chapter 11 of the second edition of Water Quality and 
Treatment (American Water Works Assn., New York, 1950), pre- 
pared by AWWA Committee 8913 P—Revision of Chapter on Filtra- 


tion. 


The members of the committee were R. L. McNamee (Chair- 


man), J. R. Baylis, J. A. Borchardt, K. W. Cosens, Richard Hazen, 
K. V. Hill, N. J. Howard (deceased), R. C. Kenmir, and W. B. 


Schworm. 


1. Introduction 


George W. Fuller (/) divided the 
development of modern water purifica- 
tion into four periods : 

a. Early beginnings (18609-1886) 

b. Period of research and develop- 
ment (1887-1902) 

c. Period of rapid practical accom- 
plishments (1903-1918) 

d. Period of refinements and exten- 
sions (1919-1933* ) 

In 1869 James P. Kirkwood (2), 
chief engineer of the St. Louis water 
department, published a report which 
described European water plants and 
which served as a guide for the design 
of filters for many years. Much of the 
early experimental work on slow sand 
filters was performed at the Lawrence 
Experiment Station of the Massachu- 
setts State Board of Health, which was 
put in service in November 1887 and 
operated under the supervision of Allen 
Hazen from the summer of 1888 until 
March 1893. Then, at the turn of the 
century, Fuller and his associates con- 
ducted notable experiments on coagu- 
lation and rapid sand filtration at Louis- 
ville (3). 

During the first 15 years of this cen- 
tury, rapid strides in building numerous 
large filter plants were made. Some of 
the larger rapid sand filters built dur- 
ing that period were the plants of the 


* Date of article. 


Hackensack Water Company and those 
at Louisville, Cincinnati, Columbus, 
New Orleans, Toledo, Grand Rapids, 
Minneapolis, Baltimore, and St. Louis. 
At the same time, slow sand _ filters 
were adopted at New Haven, Denver, 
Indianapolis, Washington, Philadel- 
phia, Pittsburgh, Toronto, and Wil- 
mington. Modern filtration plants are 
shown in Fig. 11-1 and 11-2. 

The period from 1919 to the present 
day has essentially been one of refine- 
ment of operation, particular attention 
being paid to the proper conditioning of 
water for filtration. Water softening, 
correction of tastes and odors, corrosion 
prevention, and iron and manganese re- 
moval have also been developed to a 
high degree of refinement during recent 
years. 


2. The Filtration Process 


Water filtration may be described 
as the process by which water is sepa- 
rated from suspended matter by pas- 
sage through a porous substance. In 
practice, this porous material is usually 
a layer of sand. Among sand filters, 
two general types—slow and rapid— 
are in common use. Rapid filters, in 
turn, are also of two types—the widely 
used free-surface type and the pres- 
sure filters. 

In slow sand filtration, the water is 
passed by gravity downward through 
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the sand at low velocity, usually at rates 
ranging from 2 to 10 mgd per acre 
(0.032-0.160 gpm per square foot). 
The removal of solid matter is effected 
by straining through the pores in the 
surface of the sand layer and by ad- 
herence of the solid particles to the 
sand grains. After an extended period 
of service, the sand surface becomes 
clogged and must be cleaned. Water 
applied to slow sand filters may be pre- 
treated advantageously. 

In free-surface rapid sand filtration, 
the water is passed by gravity down- 
ward through the sand at high velocity, 
usually at rates ranging from 2 to 3 
gpm per square foot (125-188 mgd 
per acre). Pretreatment with a coagu- 
lant is essential in order to remove 
much of the suspended matter by set- 
tling. The rapid sand filter is cleaned 
by a reverse current of wash water 
which expands and scours the sand, 
and then carries away the accumulated 
solids to waste. 

The effluent of a rapid sand filter 
plant is sometimes applied to slow sand 
filters for “polishing.” In the past, this 
practice was sometimes adopted to in- 
sure safe water, but that was before 
modern chlorination provided a more 
economical means of achieving the same 
purpose. Today, double filtration is 
generally practiced only as a matter of 
economy in construction or operation, 
or in order to utilize existing structures. 

Pressure filters are enclosed in tight 
steel cylinders. Cleaning is by back- 
washing. Rates of filtration range 
from 2 to 4 gpm per square foot. 
Pretreatment is always advantageous, 
and, if the water is for human con- 
sumption, pretreatment for pressure 
filters is as essential as it is for the 
gravity free-surface filters. Pressure 


filters are not suitable for large instal- 
lations because of the limitations in 
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size of units and the impossibility of 
inspection. 

Choice of type of filter must be made 
on the basis of the character of water 


to be treated and the overall cost of 


available systems. 
3. The Slow Sand Filter 

Slow sand filters were employed ex- 
tensively in Europe before their intro- 
duction in America, and, consequently, 
the European design was generally 
adopted for the early American filters. 
They were first used for fairly clear 
impounded waters in the northeastern 
part of the country, where winter con- 
ditions dictated covered beds. A cross 
section of a typical slow sand filter is 
shown in Fig. 11-3. 

Some lake and reservoir waters may 
be applied to rapid sand filters without 
pretreatment, but the effectiveness of 
the coagulation process developed for 
rapid sand filtration has promoted the 
use of pretreatment when slow sand 
filters are used. The coagulation and 
sedimentation processes used for slow 
sand filtration are similar to those for 
rapid filtration, but are usually some- 
what more thorough. 

Slow sand filtration rates vary widely, 
depending upon raw-water turbidities, 
pretreatment, and temperature. Rates 
usually range from 2 mil gal to 10 mil 
gal per acre per day. From 200 to 400 
mil gal of water can usually be filtered 
between cleanings. 

Uses for which slow sand filters are 
most successful include the removal of 
tastes and odors, the bacterial purifica- 
tion of naturally clear waters, the final 
treatment for highly polluted waters 
previously treated by rapid sand filters, 
and the filtration of small supplies 
where the more skilled supervision re- 
quired for rapid sand filters is not 
available. 
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TABLE 11-1 
Sand Characteristics of Slow Sand Filters 


Total Area 


Location of Filters 


acres Avg Depth Effective Size Uniformity 
in, mm Coefficient 
Denver, Colo. 10.00 5 0.285 2.79 
Indianapolis, Ind. 4.80 5 0.53 2.90 
Philadelphia, Pa. 
Torresdale 48.75 26-30 0.28-0.36 1.60-2.00 
Upper Roxborough 5.58 36 0.28-0.36 1.60-2.00 
Lower Roxborough 2.65 36 0.28-0.36 1.60—2.00 
Queen Lane 15.62 28 0.30-0.38 1.50—2.00 
Belmont 13.32 36 0.30—-0.35 1.60—2.00 
Pittsburgh, Pa. 56.00 34 0.29 2.10 
Toronto, Ont. 9.60 36 0.22 1.60 
Washington, D.C. 29.00 24 0.28 1.60 
Yonkers, N.Y. 4.00 36 0.33-0.38 1.90-2.50 


Air binding, caused by filling the fil- 
ter too rapidly or by operating it at too 
great a loss of head, has given trouble 
in some slow filter installations. Such 
binding results in the appearance of 
“boils” in the sand surface when the 
filter is drawn down for cleaning. 

Filter clogging, which may result 
from the excessive growth of bacteria 
within the sand layer as well as from 
turbidity in the applied water, is much 
more difficult to correct than air bind- 
ing. It occurs mostly in warm weather. 
Very little is known of the basic effec- 
tiveness or suitability of chlorine in 
preventing such clogging, but it appears 
to be helpful under some conditions and 
to have no adverse effect on taste and 
odor. It should be applied with cau- 
tion, however, until its effect in a given 
situation is known. 

The slow sand filter is usually en- 
closed in a covered concrete structure. 
Underdrains laid on the floor are cov- 
ered with gravel, and over this gravel 
the sand is placed. Water to be filtered 
is brought in above the sand, and after 
filtration it is drawn off through the 
underdrains. 


Sand 


The initial loss of head through a 
clean filter is usually less than 1 ft. 
During operations covering a 50—100- 
day period, the loss will normally in- 
crease to about 4 ft, at which time the 
filter should be cleaned. 

Filter units generally range in size 
from 0.5 to 1 acre, usually depending 
somewhat on the total plant capacity. 
With more units, the flexibility in oper- 
ation increases, but so does the number 
of controlling appurtenances. 

Sand for slow filters. Where the 
raw water has not been pretreated with 
coagulating chemicals, slow sand filters 
have commonly been used to filter 
waters of low natural turbidity. The 
rate of filtration is low—usually less 
than 3.5 mgd. The sand used is finer 
than that used in rapid sand filters. 
Because very large quantities of sand 
are used in slow sand filters, effort is 
usually made to utilize local deposits of 
sand, thus avoiding the cost of freight 
involved in long-distance shipment. 

Reference to Table 11-1 indicates 
the use of sand sizes of 0.22-0.53 mm 
in existing slow sand filters. In gen- 


eral, it has been considered that sand 
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Exterior and Interior of Modern Filtration Plant, Milwaukee, Wis. 
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with an effective size of about 0.35 mm 
and a uniformity coefficient of about 
1.75 will give satisfactory service, but 
experience has shown that, with well 
prepared water, excellent results have 
been obtained with sand as coarse as 
0.50 mm. 

As sand offers great resistance to 
the flow of water, its depth should not 
be greater than is necessary to provide 
good purification of the water being fil- 
tered. Not only is too great a depth of 
sand objectionable because of its re- 
sistance to flow, but it also involves un- 
necessary additional cost. Fine sand 
may be shallower than coarse sand, but 
the former produces greater losses of 
head and is likely to clog more quickly 
than the latter. 

The sand depth may be very much 
less than is traditionally specified. As 
little as 12-18 in. of graded sand, sup- 
ported on 12 in. of graded gravel, has 
been successfully employed, provided 
that, when cleaned, the original depth 
of sand is maintained by sand replace- 
ment. The gravel layer eventually be- 
comes fouled with a mixture of biologic 
growth and fine solids, but, if the ap- 
plied water is well prepared, it is only 
after many years of operation that 
the mixture causes interference, either 
physically or bacteriologically, even 
with high rates of filtration. 

The underdrainage system is usually 
constructed of full-round or half-round 
farm drain tile, hollow blocks, or other 
channeled forms laid with open joints. 
They are arranged as lateral tributaries 
to trunks, all leading to one or more 
outlets. 

Several mechanical devices developed 
for cleaning the sand in slow filters have 
proved to be reasonably successful. A 
simple water ejector delivering a mix- 
ture of water, sand, and mud to a 
portable separator is efficient in terms 
of time and money, but requires much 
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hand labor. Usually about 1 in. of 
sand is scraped from the surface of a 
clogged filter and is piled in windrows 
until approximately 3-4 in. has accu- 
mulated, since it is more economical 
to wash the whole amount at once. 
Formerly, when deep sand layers were 
provided, soiled sand was ejected to 
outside storage until the amount in the 
filter was reduced to a minimum, and 
then all of it was replaced at one time. 
Some plants practice “cultivating” or 
raking beds between regular cleaning 
operations. In other plants the units 
are spaded after scraping. Deep clean- 
ing to the depth of the gravel is neces- 
sary after a period of several years. 

It is important to maintain a fairly 
uniform rate of filtration, for which 
some means of automatic control of the 
effluent flow is usually provided. Inlet 
arrangements should insure a_ fairly 
constant level of water above the sand 
and should be so devised as to protect 
the sand bed from disturbance by the 
incoming water. In_ recently built 
plants, controlling devices, similar to 
those used for rapid sand filters, are 
employed. 


4. The Rapid Sand Filter 


Functional performance. The rapid 
sand filter differs from the slow sand 
filter in several respects. Of these, the 
following have an important effect 
upon the function and operation of 
the plant: 


a. Relatively coarse sand is used in 
rapid sand filters. 

b. Rapid sand filters are operated at 
rates which are 15-50 times greater 
than rates for slow sand filters. 

c. Rapid sand filters are cleaned by 
backwashing instead of by scraping the 
sand surface. 


Coarse sand and high filtration rates 
can be used with most waters, but only 
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if some of the suspended matter in 
the water is removed by pretreatment 
ahead of the filters. At the same time, 
backwashing rapid sand filters is a 
comparatively simple and quick opera- 
tion and it permits economical cleaning 
at short intervals. 

The conventional rapid sand_ filter 
can be used for the clarification of lime- 
softened water, as well as coagulated 
water, and the design details of filters 
for both services are substantially the 
same. In softening plants, the function 
of the filter is to remove fine particles 
of calcium carbonate which have not 
been removed by the settling basin. 
The load on filters may be much 
heavier in softening plants and more 
frequent backwash is often needed. 
There is a tendency for calcium car- 
honate to precipitate on the sand grains 
and to increase their size. In time, this 
process may increase the grain size to 
a point where backwashing is no longer 
effective and the sand must be re- 
placed. Recarbonation of the water 
ahead of the filters is frequently em- 
ployed to prevent this difficulty. 

Preliminary treatment, Filtration of 
raw water through coarse sand at high 
rates does not remove fine turbidity, 
colloidal material, or taste- and odor- 
producing substances and bacteria, as 
may be accomplished in a slow sand 
filter. Furthermore, if the water de- 
livered to the filter is turbid, the sand 
surface is clogged quickly and the filter 
output is reduced. Therefore, except 
in unusual circumstances, adequate pre- 
treatment of the water is an essential 
part of a rapid sand filter plant. (For 
some industrial purposes, and occa- 
sionally in municipal practice, the raw 
water can be used after simple “strain- 
ing’ through coarse sand. In such 


cases, pretreatment may not be neces- 
sary or warranted. ) 
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Pretreatment, including coagulation 
with alum or other chemicals, mixing, 
flocculation, and sedimentation, reduces 
the suspended matter going to the fil- 
ters and changes the fine material into 
a form that is removed by filtration 
through coarse sand.  Settled-water 
turbidities of less than 10 ppm and 
sometimes as low as 2-3 ppm are ob- 
tained. Pretreatment or conditioning 
of the water is extremely important 
because it enables most of the turbidity 
and bacteria in polluted waters to be 
removed ahead of the filters. The pri- 
mary purpose of the filter beds, then, 
is to remove the suspended coagulated 
material not removed by sedimentation. 

The removal of bacteria by the fil- 
ters, so vital in the early days of water 
purification, is now of less importance 
because of the greater reliance on chlo- 
rination. This is especially so at plants 
with both prechlorination and_ post- 
chlorination. Relatively heavy pre- 
chlorination is increasingly common for 
taste and odor control, particularly 
where the raw water is subject to sew- 
age and industrial-waste pollution. 
Doses high enough to assure a chlorine 
residual throughout the settling basin 
and filters are used, and the water 
going to the filters is nearly sterile. 
It must be recognized, however, that 
some bacteria trapped in floc or in 
other suspended matter may escape 
chlorination and must be removed by 
filtration. 

Filtration rates. Assuming adequate 
pretreatment of the water and reason- 
able sand size in the filters, the effec- 
tiveness of a rapid sand filter is largely 
a function of filtration rates and the 
condition of the filter beds. 

In the early years of filtration, the 
capacity of filter plants was based upon 
operation at a rate of 2 gpm per square 
foot of filter bed area. This rate was 
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selected because consistently good 
water was produced in plants operated 
at rates not exceeding 2 gpm _ per 
square foot. It was recognized, how- 
ever, that higher rates could be used 
satisfactorily and most filter plants 
have been operated at substantially 
higher rates from time to time in order 
to meet peak water demands. The 
rate of 2 gpm per square foot is con- 
servative, and it is rarely necessary to 
operate a plant at lower rates. On 
the other hand, if the water coagulates 
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cago, carried out over a number of 
years, showed that Lake Michigan 
water prechlorinated and coagulated 
with alum (plus activated silica in 
winter months) can be filtered satis- 
factorily at rates of 4-5 gpm per square 
foot. Alum doses of 10-15 ppm were 
sufficient to produce filtered water of 
good quality with zero turbidity. The 
overall bacteriological efficiency was 
high, but it should be noted that the 
prechlorine doses were heavy enough 
to produce a chlorine residual through- 
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Fig. 11-3. Cross Section of Typical Slow Sand Filter 


poorly or if a weak floc is produced, 
operation at higher rates may result in 
the passage of floc through the filter 
toward the end of a filter run when 
the loss of head is high. 

High-rate filtration. The term 
“high-rate filtration” is limited to 
plants where the daily average rate 
exceeds 2 gpm per square foot or the 
peak hourly rate exceeds 2.5 gpm per 
square foot. Under this definition, 


many of the existing filter plants are 
operated as high-rate plants at least 
part of the time. 


Experiments at Chi- 


out the plant, and the water was prac- 
tically free from coliform organisms 
before it reached the filters. Except 
in the winter, the raw water at Chi- 
cago contains a large number of micro- 
organisms, such as diatoms, which 
strengthen the coagulation. It cannot 
be assumed that all waters will re- 
spond as well. At Detroit and sev- 
eral other cities, however, filters have 
been operated at rates in excess of 3 
gpm per square foot with good results. 
The relatively coarse and uniform filter 
sand permits the floc and suspended 
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matter to penetrate several inches into 
the filter. If this penetration did not 
occur, the surface of the sand would 
clog quickly and long filter runs would 
be impossible. The aim is to obtain a 
combination of pretreatment and filtra- 
tion that will permit the maximum 
flow of water but will not result in sus- 
pended matter passing through the 
filter. 


Cast-Iron 
Manifold 


Fig. 11-4. 


Operating difficulties. Difficulties in 
the operation of rapid sand filters are 
of two kinds: [1] failure of mechanical 
equipment and controls installed to 
regulate the flow of water, and [2] 
failure of the filter bed itself. 

Control equipment now available is 
more reliable than the early types and, 
if properly installed, should give little 
trouble. To facilitate keeping the con- 


trols in good order, much attention and 
expense have been devoted to the im- 
provement of such factors as filter 
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gallery design and installation of de- 
humidification equipment. 

Difficulties with filter beds include: 

a. Gradual clogging of the sand as 
a result of excessive loading of the 
filters, leading to incomplete removal 
of floc from the top of the beds during 
backwash 

b. Contraction of the bed and pull- 
ing away of the sand from the walls 


Cutaway View of Typical Rapid Sand Filter 


of the filter, when the sand has been 
allowed to become dirty 

c. Binding together of the sand by 
sticky flocculated material to form 
mudballs throughout the filter 

d. Movement of gravel layers and 
perhaps mixing of the sand and gravel, 
caused by uneven backwash of filters ; 
this results in irregular thickness of 
the sand bed and, possibly, if allowed 
to continue, in the escape of sand 
through the gravel to the underdrains 
and clear well. 


= 
Filter Tank ~ i 
Wash Troughs 
Sea 
Graded 
SSS Perforated Laterals 
> © Filter Floor 


796 QUALITY AND 


WATER Q 

Most of the above difficulties can be 
avoided by making use of the follow- 
ing measures: 

a. Underdrain systems designed to 
prevent excessive backwash rates and 
to assure even distribution of water 
over the entire bed 

b. Gravel which is large enough and 
suitably graded to resist movement 
during the backwash 
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5. Arrangement and Unit Capacities 


Functional arrangement. The filter- 
ing units in a rapid sand filtration plant 
are usually placed in a compact group 
as close to the sedimentation basins as 
local considerations will permit. Such 
produces minimum 
results in the 
In many modern 


an arrangement 
head and 
economical design. 
rapid sand filtration plants the various 


losses most 


Contact Mixers for Coagulation 
25-Min. Period of Retention 


Agitator Shaft Speeds 1.5,2,3 & 4 rpm. 


Prechlorination Feed Line 
Normal Water Levei 
Agitator 


ac Drive Unit 


Basin Inlet Valve 


Rapid Mixer} 
5-Min. 
Retention 
Agitator Sha 
Speed 3,4,6 
&8rpm. 


Stilling 
Wall 


Velocity 
fpm. 


Siow Off Vaives 
Supply Main 


Sedimentation Basin 
4-hr. Normal Period of Retention 
Max. Velocity 0.5 fpm. 


Fig. 11-5A. Flow Diagram of Typical Rapid Sand Filter Plant (Left Half) 


c. High-velocity backwash, prefer- 
ably accompanied by a surface wash 

d. Washing filters frequently enough 
to prevent the accumulation of dirt on 
the surface of the filter and the forma- 
tion of mudballs 

e. Prechlorination to keep the sand 
clean and free from sticky substances 
likely to form mudballs. 


filter units are arranged on one or both 
sides of a pipe gallery. All pipes or 
other conduits for carrying water, and 
other appurtenances for control of the 
filter units, are placed within this gal- 
lery. Details of rapid sand filter plants 
are shown in Fig. 11-4—11-6B. 
Other groupings of filter units are 
possible. The most important factors 
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in making the final decision on filter 
arrangement are convenience to the 
operator, economy of construction, 
and provision for future expansion. 
The design of the pipe gallery is usu- 
ally complicated by the amount and 
size of the equipment which must be 
placed within this space. Details of a 
modern pipe gallery are shown in Fig. 
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vided for easy handling of heavy pieces 
of equipment. Large plants frequently 
provide a hoist at each of these points, 
whereas the smaller plants may require 
only the provision of a hook set into 
the structure for supporting a_ block 
and tackle rigging. 

Structurally, the filter gallery and 
the operating floor above it should be 


11-7. From the aspect of the econom- designed to withstand not only the 
Filter Building 
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Outlet Chlorine Distribution Panel Carbon for pH 
Valve Filter Loss and Rate Gage Feeder Control 
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Basin Outlet Weir Operatin 
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Service Pump 
Dischar; 
} | {Filter Waste Main C) 
Main Inlet Flume | Filter Effluent 
Filter 
Effiuent Seat Velocity 3.5 fps.) | pump 
Reverse Flow for 4 
Flushing Basin Floor Nd 
Filtered Water Reservoir —> 


Fig. 11-5B. Flow Diagram of Typical Rapid Sand Filter Plant (Right Half) 


ics involved, the gallery should be as 
small as practical. Any waste space in 
this area must necessarily increase the 
width of the operating floor and the 
volume of the filter building.  Al- 
though economy is a factor, adequate 
space must be provided in the gallery 
for convenience of inspection and for 


removal of faulty equipment. Man- 


holes or points of access should be pro- 


weight of the equipment in place, but 
also the weight of this equipment con- 
centrated on the floor before and dur- 
ing erection. 

The pipe gallery should be arranged 
to cope with the condensation of mois- 
ture. A few plants have insulated 
the piping. Other plants paint the pip- 
ing and rely on ventilation of the gal- 
lery for humidity control. Ventilation 
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Fig. 11-6A. Cross Section of Typical Gravity Filter Unit (Left Half) 
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Fig. 11-6B. Cross Section of Typical Gravity Filter Unit 
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solely through the base of the operating 
table is rarely sufficient to prevent 
the accumulation of moisture. Floor 
drains in this area are essential and 
may mean the employment of a sump 
and sump pump for the discharge of 
collected drainage. 

The operating floor should be ar- 
ranged for maximum convenience of 
the operating personnel. Controls and 
indicating gages which have been 
brought up from the pipe gallery below 
should be installed near the appropriate 
filter unit on floor stands or an 
operating table. This area is the focal 
point for visitors to the plant and, for 
this reason, it is frequently well deco- 
rated and finished. Lighting is impor- 
tant not only from the visitors’ point 
of view but as an aid to the operator 
in cleaning filters. Skylights and 
clerestories are quite commonly in- 
cluded, therefore, as a means of en- 
hancing the lighting in this area. The 
open filter units should be adequately 
protected by hand railings and floor 
curbs. All parts of each filter should 
be accessible from walkways for neces- 
sary bed maintenance. Lighting fix- 
tures over filters and skylights or win- 
dows in this area should all be con- 
veniently reached for maintenance 
purposes. 

Some thought, too, should be given 
to the arrangement of the operating 
floor, to the maintenance of the filter 
bed, and to such facilities as might be 
required in the handling and cleaning 
of sand and gravel. 

Unit capacities. The filter box itself 
may be designed for any convenient 
nominal capacity. In the medium- or 


on 


large-sized plants, especially, it is rather 
general practice to construct the filters 
in some even multiple or fraction of 
1-mgd capacity. In the very small plants 
the bed size becomes subordinate to 
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flexibility, which may result in consid- 
erable deviation from average practice. 
The present tendency seems to lie in 
the direction of increasing the size of 
individual filter units and reducing the 
total number of units. This results in 
some economy because of a reduction 
in the required total number of valves, 


rate controllers, and other appurte- 
nances. The largest units presently 


constructed are in the 5—6-mgd size. 
The upper limit of unit filter capacity 
is usually reached when the flexibility 
of the overall installation is affected or 
when backwashing facilities become a 
problem. The latter condition has 
been overcome in some installations by 
backwashing a single large filter in two 
sections, which may be accomplished 
by placing a gullet through the center 
of the filter bed and dividing the bot- 
tom into two parts, each of which may 
be separately washed. 

Hydraulics. Rapid sand filters may 
be designed to operate under condi- 
tions where the water level within the 
filter box is essentially held constant, 
is allowed to vary slightly, or rises as 
the head loss in the bed develops. The 
last condition produces wide vari- 
ations in the water level within the fil- 
ter box and is rather infrequently en- 
countered. The water elevation on 
the filter is usually controlled by the 
elevation of the water surface in the 
sedimentation basins. Rising water 
levels can be produced in the ciarifi- 
cation basins by reducing filter capac- 
ity, or by increasing total head losses 


through the filters without adjustment 
in the raw-water flow to the plant. 
Under such conditions, coagulated 


water is being stored by the simple 
expedient of allowing it to accumulate 
in the channels and basins ahead of 
the filter and at the expense of the 
freeboard in these units. 
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In contrast to conditions that create 
rising water levels on the filters, some 
water treatment plants are equipped to 
permit the water surface in pretreat- 
ment basins to drop below the normal 
operating levels. This is accomplished 
by means of orifice openings into the 
launders or valved outlets from the 
basins, permitting a continuous rate of 
filtration to proceed using the storage 
capacity of the sedimentation basins 
above these takeoff points during 
short-time shutdowns of the raw-water 
supply. During such shutdown the 
filters are operating under conditions 
where the water level on the bed is 
continuously falling. 

Changes in water elevation at the 
filter may be controlled within limits 
by float-controlled valves, or by master 
controllers placed on the filter gallery 
influent and connected so as to change 
simultaneously the rate controller set- 
tings of the individual filters if the 
influent water elevation varies beyond 
predetermined limits. 

Once the allowable range of eleva- 
tions for the water surface on the filters 
is selected and the hydraulic losses are 
computed back to the pretreatment 
units, then the basin elevations and 
related filter box elevations may be de- 
termined. Freeboard is always a nec- 
essary consideration in designating fil- 
ter box dimensions. 

The head loss through a clean filter 
normally varies from 6 in. to 12 in. of 
water. As the floc accumulates within 
the sand bed, this head loss increases 
to values of 6-10 ft of water. The 
rate of filtration is kept constant by a 
continual automatic adjustment of the 
rate controller so as to maintain a con- 
stant total head loss through the filter 
and rate controller. The point of 


backwashing is usually not determined 
by the maximum limit of adjustment 
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of the rate controller but by the tur- 
bidity of the filter effluent. An increase 
in this turbidity reflects the passage 
of fine material by the filter. Fine 
particulate matter is carried through 
the sand bed when the interstices of 
the bed become sufficiently clogged 
with entrained floc, resulting in the 
increase of local velocities to a level 
beyond which agglomeration and_ re- 
tention of fine particles in the sand bed 
are impossible. In some plants, the 
head loss through the sand bed may 
be as low as 1.5 ft when backwashing 
is considered necessary. 

During the process of filtration the 
head loss which develops in the sand 
bed frequently exceeds the depth of 
water available above the sand for 
maintaining flow. The difference in 
these values is termed negative head 
and may be thought of as a pull or suc- 
tion on the water column passing 
through the bed. This suction results 
from the fact that the effluent pipe is 
located below the sand bed. When- 
ever the rate controller calls upon this 
reserve head for maintenance of flow, 
the pressure at the sand-gravel inter- 
face is reduced below atmospheric 
pressure by the amount of the negative 
head required. Water plant operators 
frequently find that under conditions of 
reduced pressure, dissolved gases are 
released from the water being filtered. 
These gases collect in the gravel, caus- 
ing air binding of the filter bed, and 
they may result in extensive damage 
to the gravel layers at the time of the 
next backwash. The design engineer 
can avoid all such difficulties by mak- 
ing the filter box sufficiently deep so 
that negative heads are seldom neces- 
sary to maintain flow. This is not the 
entire answer to the problem, however, 
because head limitations or economic 
factors frequently make such filter 
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depths impossible. Where negative 
head occurs, the responsibility for 
proper filter functioning rests on the 
shoulders of the filter attendant. 


6. Filtering Media 


Filtering media are defined as the 
material (usually natural or prepared 
sand) used to separate ci vagulants, tur- 
bidity, color, and bacteria from water 
by straining action. 

The gravel sometimes used in sup- 
porting the sand in a filter tank is usu- 
ally thought of as one of the filtering 
media, although the gravel has an en- 
tirely different function. The gravel 
supports the sand and assists in the 
distribution of the backwash water. 
With the porous-plate type of under- 
drain, the gravel may be omitted. 

Filtering materials. Sand has been 
the most universally used material for 
filtering, but, in recent years, mechani- 
cally crushed quartz, anthracite coal, 
and other materials such as calcined 
diatomaceous earth have been advo- 
cated as substitutes for sand. 

Gravel, either natural or crushed, 
has usually been used to support the 
sand, although in some filters crushed 
anthracite has been employed to sup- 
port the finer upper layers of anthracite. 

Sand for rapid filters. The AWWA 
specification for filtering materials (4) 
states that: 


The grade of sand to be used in any 
particular filter cannot be specified with- 
out consideration of local conditions and 
controlling factors. For purposes of defi- 
nition in these specifications, the follow- 
ing limits have been established for the 
10 per cent, or effective size: fine sand, 
0.35 to 0.45 mm; medium sand, 0.45 to 
0.55 mm; coarse sand, 0.55 mm or larger. 

... In general, coarse sand will permit 
longer runs between washings than fine 
sand, and with good pretreatment facili- 
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ties and close technical control will yield 
results adequate for most purposes. 
Coarse sand is less effective than fine in 
the removal of turbidity and bacteria. 

Coarse sand is applicable when: [1] 
pretreatment is consistently good; [2] 
the highest degree of filtration is not re- 
quired; [3] benefits from longer filter 
runs and less wash water offset any dis- 
advantages from lower water quality; 
[4] filter design will permit the neces- 
sary high backwash rates. 

Fine sand is applicable when: [1] pre- 
treatment is sometimes poor; [2] the 
maximum removal of turbidity is needed ; 
[3] the maximum removal of bacteria is 
needed to safeguard health; [4] benefits 
of longer filter runs and lower wash 
water consumption are not of great im- 
portance; [5] backwash is limited by fil- 
ter plant design to rates sufficient for 
cleaning fine sand only; [6] rapid buildup 
of grain size with calcium carbonate fol- 
lowing softening is expected. 

Medium sand is a compromise between 
the coarse and fine and is frequently suit- 
able under average conditions. 


After numerous experiments on fil- 
ter sands at Baltimore, James W. 
Armstrong (5) arrived at the follow- 
ing conclusions regarding the selection 
of sands for rapid filters : 


From the standpoint of filtration, it is 
desirable to have a sand that will (a) 
prevent any floc passing through the fil- 
ters, (b) hold fioc as loosely as possible 
in order to permit easy washing and pre- 
vent the formation of mud deposits, (c) 
hold as large a volume of floc as possible 
without clogging. 

From the standpoint of washing, it is 
desirable to have a sand of such size that 
it will (d) cleanse itself and be free from 
adhering floc at the end of a wash, (e) 
permit the passage of water at sufficient 
velocity to remove all the sediment with- 
out losing sand. 


A board of state sanitary engineers 
in the Great Lakes and Upper Missis- 
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TABLE 11-2 
Sand Characteristics of Rapid Sand Filters 


Location 


Columbus, Ohio 

Baltimore, Md. 
Washington, D.C. (Dalecarlia) 
Philadelphia, Pa. 

St. Louis, Mo. (Howard Bench) 
Detroit, Mich. (Springwells) 
Fort Wayne, Ind. 
Denver, Colo. (Moffat) 
Cincinnati, Ohio 

Toledo, Ohio 

Milwaukee, Wis. 

Grand Rapids, Mich. 
Indianapolis, Ind. (Fall Creek) 
Chicago, Ill. (South District) 
Moline, Il. 


sippi basins suggest a sand depth of 
24-30 in., a sand with effective size of 
0.35-0.80 mm, and a uniformity co- 
efficient of not more than 1.7 (6). 
Table 11-2 gives a_ representative 
indication of current practice in the 
selection of sand for rapid sand filters. 
It will be noted that the sands are some- 
what coarser than those used in the 
slow sand filters shown in Table 11-1. 
The present trend is toward better 
preliminary treatment of the applied 
water, coarser sand, and higher rates 
of backwashing, with surface wash as 
an essential part of the installation. 
Filter sand to be used where aggres- 
sive or low-pH waters are to be filtered 
should be specified to be composed of 
hard, durable grains, free of clay, loam, 
dirt, and organic matter. Not 
than 5 per cent of its original dry 
weight should be lost after immersion 
for 24 hr in warm concentrated hydro- 
chloric acid. Where filters follow lime- 
softening treatment or are to be used 


more 


Year Built 


1923 
1928 
1928 
1929 
1929 
1931 
1933 
1937 
1938 
1939 
1939 
1940 
1941 
1942 
1948 


Sand 


Uniformity 
Coefficient 


Effective Size 


Avg Depth 
m. mm 


24 0.55 
0.60 
0.48 

0.40-0.55 
0.46 
0.54 
0.45 
0.48 
0.44 

0.35-0.45 
0.55 
0.50 
0.39 

0.62-0.70 

0.50-0.55 


1.60 
1.20 


+ 

= 


on 


om 


to filter alkaline waters, acid solubility 
of the sand is of minor importance. 

The AWWA specification for filter- 
ing materials (4) includes alternate 
methods of defining sand size and se- 
lecting a sand. The first method as- 
signs the limiting of sizes to stated 
percentages by weight, stating, for ex- 
ample, that “the 10 per cent size shall 
be between 0.35 and 0.40 mm.” 

The second method of classification 
defines the percentage of sand that shall 
be finer than stated grain sizes. The 
specification states, for example: “The 
percentage of sand finer than 0.4 mm 
shall be between — per cent and — 
per cent of the total.” By fixing per- 
centages that correspond to the separa- 
tion sizes of standard sieves, the results 
of a sieve analysis can be used directly 
without plotting. Typical specifica- 
tions for fine, medium, and coarse sands 
are given in Table 11-3. 

A well graded sand which is ap- 
proximately of the desired effective 
size will be satisfactory if [1] the 1 per 
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cent size is not less than 0.5 times the 
10 per cent size, |2| the 60 per cent 
size does not exceed 1.7 times the 10 
per cent size, and [3] the 99 per cent 
size does not exceed 2 mm or 4 times 
the 10 per cent size, whichever is 
smaller. 

The grading of the three sands, 
specified according to sieve sizes, is 
given in Table 11-4. 

Anthracite for rapid filters. The use 
of anthracite coal as a filter medium is 
steadily increasing. At the present 
time it is being used in municipal water 
treatment plants in 23 states. Its use 
goes back to 1914, when it was in- 
stalled in the filters at Cumberland, Md. 

Anthracite coal has an average spe- 
cific gravity of 1.5, as against 2.65 for 
silica sand and crushed quartz. The 
weights per cubic foot are approxi- 
mately 55 lb for coal and 200 lb for 


sand. Thus, a ton of anthracite coal 
will fill almost twice as much filter 
volume as a ton of sand. This tends 
to compensate for its considerably 
greater cost. 

The principal advantages claimed 


for anthracite material are: [1] because 
of its lower specific gravity, only about 
half the backwashing velocity needed 
for sand is required for anthracite ma- 
terial of the same size to produce equal 
expansion, and [2] anthracite material 
of the same effective size as sand has 
a greater porosity. 

Anthracite filters are used success- 
fully at Washington, D.C., Wheeling, 
W.Va., Rock Island, IIl., and other 
places. 


7. Underdrainage Systems 


Underdrains for rapid sand filters 
serve a dual purpose: they provide an 
outlet for the water passing through 
the filter, and are the means for sup- 
plying wash water to the underside of 
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the filter medium. Because wash wa- 
ter is applied at rates many times 
greater than filtering rate, the design 
of filter underdrains is governed pri- 
marily by the necessity of delivering 
wash water evenly to the entire area. 
If the wash water is applied unevenly, 
the sand will shift in the filter, possibly 
mixing the sand and gravel layers. 
Filter bottoms are of the manifold 
and perforated-lateral type or of the 
false-bottom type. Where the mani- 
fold and perforated-lateral system is 
used, an even distribution of wash wa- 
ter is obtained by keeping the head loss 
high through the orifices in the la- 
terals, as compared to the friction 
the manifold and _ laterals. 
Where wash water is distributed by 
means of a false bottom, even distribu- 
tion can be obtained throughout the 
filter with much lower friction losses 
through the orifices. Good results have 
been obtained with both types of filters. 
The false-bottom arrangement permits 
high rates of backwash with consid- 
erably lower operating pressures. The 
manifold and perforated-lateral system 
has been popular for many years, but 
in recent installations there has been a 
pronounced trend toward the employ- 
ment of false bottoms, porous plates, 
and other patented arrangements. The 
perforated-lateral underdrain system 
comprises a grid of manifold, headers, 
and laterals, covering the entire filter 
bottom. The sizes of the various pipes 
are selected to hold head loss through 
the underdrain system to reasonable 
limits. The underdrain system may be 
of cast iron, wrought iron, asbestos- 
cement, or concrete. In some small 
plants, or plants handling unusually 
corrosive water, copper and _ stainless- 
steel piping has been used. Cast-iron 
pipe has been used most frequently, 
sometimes with cement-mortar lining 


losses in 
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TABLE 11-3 
Grain Size Distribution by Per Cent Size 
| Grain Size—mm 
Per Cent Size* | Fine Medium Coarse 
Min. Max Min Max. Min Max. 
1 0.26 0.32 0.34 0.39 0.41 | 0.45 
10t 0.35 0.45 0.45 0.55 0.55 0.65 
60T 0.53 0.75 0.68 0.91 0.83 1.08 
99 0.93 1.50 1.19 1.80 1.46 2.00 


* If the size distribution of the sand particles is such that 1 per cent of a sample is finer than 0.34 mm, the sand 


is considered to have a 1 per cent size of 0.34 mm. 


t+ The ratio of the 60 per cent size to the 10 per cent size shall not exceed 1:70 


as protection against corrosive water. 
Failure or clogging of the underdrain 
system leads to improper backwash and 
loss of sand, and complete rebuilding of 
the filter is usually required. There- 
fore, only durable material should be 
used in underdrain systems. One pa- 
tented filter bottom consists of hollow 
glazed tiles placed so as to provide 
waterways in the top of the tile, simi- 
lar to laterals and perforations, for dis- 
tributing water throughout the filter. 

False bottoms are usually installed to 
provide a water passageway 6-12 in. 
in height under the filter. In the sim- 
plest type, concrete or steel bottoms 
contain one 2—}-in. orifice for each 1-ft 
length of filter bottom. The size and 
spacing of the orifices depend upon the 


head loss to be provided. High- 
velocity discharges upward from the 
orifices into the gravel are prevented 
by installing hoods over the openings 
or by some other means of laterally 
deflecting the water. False bottoms 
consisting of slats or steel gratings 
have not been successful because of un- 
even backwashing at high rates. 

The Wheeler bottom is constructed 
in the form of inverted truncated pyra- 
mids, with the water connection at the 
apex of the pyramid and the pockets 
filled with glazed earthenware spheres 
of selected size. Sectional cast-iron 
forms can be rented by contractors for 
pouring the concrete pyramids to stand- 


ard dimensions. 


TABLE 11-4 


Grain Size Distribution by Sieve Size 


4 


Sieve Number 


ASA 
Sieve Opening 
Tyler No. US No. | sia | 
14 16 1.19 
20 20 0.84 
28 30 0.59 | 
35 40 0.42 
48 50 0.30 


Effective Size—per cent passing sieve 


Fine Medium Coarse 
0.35-0.45 mm 0.45-0.55 mm 0.55-0.65 mm 
94-100 84-99 68-93 
71-97 49-84 30-71 
31-73 14-39 6-31 
6-25 2-6 0-1 

0-3 0-1 0 
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Porous plates of vitrified crystalline 
aluminum, more commonly known as 
corundum, have been used successfully 
in many filter plants. The plates are 
supported at a height of several inches 
above the filter floor by means of 
stainless-steel bolts or concrete ridges, 
thus providing the necessary channels 
for distributing water throughout the 
filter. Where porous plates are used, 
the sand is placed directly on top of the 
plates without a gravel layer. This 
effects some economy of construction 
by permitting the use of shallower filter 
boxes. It also eliminates difficulties 
resulting from the disturbance of the 
fine gravel layer and mixing with the 
sand. The water passages in the por- 
ous plates are small and some clogging 
takes place, but this has caused diffi- 
culty only where the filters are used 
in connection with a lime softening 
plant or where the water has not been 
properly coagulated. 


8. Washing Systems 


Backwash water should be applied 
to the underdrainage system at a rate 
sufficient to remove from the surface 
and within the sand bed all material 
filtered out during the preceding filter 
run. The rate of application depends 
upon the character of the material fil- 
tered out, the temperature of the water, 
and the size and specific gravity of the 
filter media. For a given rate of appli- 
cation, the bed expansion is greater 
for fine than for coarse sand and in- 
creases with a decrease in the tempera- 
ture of the water. Under average 


conditions, a rate of application which 
produces a bed expansion of 50 per 
cent gives satisfactory results, espe- 
cially if a surface wash has been used at 
the beginning of the wash. As shown by 
Hulbert and Herring (7) in their in- 
vestigations made at Detroit, it is neces- 
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sary to use very high backwash rates 
to produce a 50 per cent expansion if 
the sand is relatively coarse, especially 
when the water reaches temperatures 
prevailing during the summer months. 
The effect of temperature upon the 
backwash rate is indicated by Table 
11-5 (7). Experience has shown that 
with relatively coarse sand, satisfactory 
cleansing can be accomplished under 
most conditions even though the bed 
expansion is somewhat less than 50 
per cent, provided a surface wash is 
used at the beginning of the wash. 

Present design practice usually pro- 
vides for a normal wash rate of 24—30- 
ipm rise and a maximum rate of 30—36- 
ipm rise. 

The length of the filter wash depends 
upon the nature of the matter being 
removed by the filter, the size of the 
sand grains, the water temperature, 
and, especially, whether or not a sur- 
face wash system is used. Under aver- 
age conditions, however, a wash lasting 
3-5 min is usually sufficient. 

If the water being filtered contains 
considerable turbidity or is possibly 
contaminated, it is advisable to allow 
a few minutes’ waste of the filter efflu- 
ent after washing the filter or to let 
the filter stand for a few hours before 
returning it to service. In most plants 
with adequate pretreatment facilities, 
the filters are returned to service im- 
mediately after being washed. 

Before the advent of the surface 
wash, even though fairly high back- 
wash rates were employed, many of 
the older plants had great difficulty in 
achieving a clean filter. Upon expan- 
sion of badly clogged beds, particles of 
sand held together with mud would 
form balls which could not be broken 
by the backwash alone. 

An attempt to improve washing con- 
ditions was the so-called air wash, by 
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which air is introduced along with the 
backwash water to increase agitation 
of the sand. Although improvements 
of this method have been reported, the 
air wash has not proved entirely satis- 
factory for municipal use in this coun- 
try. The air wash requires a specially 
designed underdrainage system and in- 
creases the possibility of mixing the 
smaller-size gravel with the sand. In 
recent years, designers have favored 
the surface wash as an adjunct to the 
regular backwash because it is safer 
to use and is generally considered more 
effective than the air wash. 

The surface wash is applied through 
high-velocity horizontal jets of water 
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the pressure of the available water sup- 
ply. The revolving type, usually re- 
ferred to as the Palmer system, re- 
quires only 0.5—1 gram per square foot 
of filter. The surface wash is generally 
used over a period of 1-3 min at the 
beginning of the wash. After the sur- 
face wash is stopped, the backwash is 
continued for 2 or 3 min, but at a much 
higher rate. 

The Baylis fixed-type surface wash 
system (9%) is constructed with hori- 
zontal pipes set above the water sur- 
face at a spacing of 24-36 in. These 
pipes supply vertical pipes (constructed 
preferably of red brass) set at about 
the same spacing as the horizontal 


TABLE 11-5 
Rate of Application of Wash Water Required for 50 Per Cent Expansion of Bed 


30 Per Cent Size*—mm - 


Rate of Rise of Wash Water—ipm 


32°F 70°F 
0.40 12.3 20.2 
0.50 18.5 29.2 
0.60 25.3 39.0 
0.70 32.7 49.3 
0.80 41.3 60.3 


* This size appears to have the greatest significance in correlation with the performance of a given sand under 


the washing condition. 


introduced slightly below the surface 
of the expanded bed. These jets create 
an extreme turbulence that breaks up 
mudballs and thoroughly scours the 
sand particles. At the beginning of the 
wash, both the surface wash and back- 
wash are started at about the same 
time, with the backwash rate set so as 
to produce a bed expansion of about 
10 per cent. The rate at which the sur- 
face wash is applied varies widely for 
different types. The fixed type re- 


quires 4-8 gpm per square foot, de- 
pending upon the type of water, the 
effectiveness of the pretreatment, the 
design of the particular system, and 


pipes and terminating in perforated 
brass caps set just above the sand bed. 
Kach brass cap is drilled through the 
sides with four to eight holes. Other 
fixed piping arrangements provide for 
setting the horizontal distributing pipes 
just above the sand bed, with hori- 
zontal holes drilled through both sides 
at spacings of 6-8 in. The diameter of 
the holes is designed for the desired 
flow and the available water pressures. 
The fixed type of surface wash may be 
used with as low as 20 ft of head at 
the jets, although 50-60 ft is desirable 
where there is a tendency for mudballs 
to form. The Baylis surface wash is 
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preferable to the other type because 
if the holes become enlarged the caps 
may be replaced at small expense (10). 

The rotating or Palmer surface- 
washing system consists of one or more 
units, each of which includes two hori- 
zontal arms supported through a swivel 
connection to a wash water trough. 
Horizontal jets propel the arms in a 
manner similar to a rotating-type lawn 
sprinkler. Although the Palmer sys- 
tem uses only 0.5—1 in. gpm per square 
foot of filter the manufacturers recom- 
mend that a pressure of 50-75 psi be 
provided at the jets. 

The cleaner beds produced by the 
surface wash permit longer filter runs 
and result in using less wash water. A 
further saving in wash water is effected 
by reason of the shorter washing peri- 
ods possible when the surface wash is 
used. 

A. rate-of-flow controller or other 
flow-limiting device should be provided 
for the backwash. Rate-of-flow con- 
trollers with indicating and recording 
equipment are frequently installed for 
both the backwash and surface wash, 
and these provide permanent records 
of all washing operations. 

Wash water supply. Water for 
washing filters may be supplied either 
from a tank or from one or more pumps 
taking suction from the clear well and 
discharging directly into the washing 
system. The former is generally used 
in plants having large filter units and 
the latter is commonly used in plants 
having smaller filter units. Pumps 
have been used with satisfactory re- 
sults in some medium-sized plants with 
capacities up to 25 mgd. Where there 
is a high maximum demand charge for 
power and backwashing cannot be 
done during off-peak high-service 
pumping periods, the operating expense 
with water pumps becomes rather high. 
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Some small plants are supplied with 
backwash water from the distribution 
system, but this is poor practice be- 
cause such an arrangement may pro- 
duce sudden drops in the system pres- 
sure. The system pressure is usually 
much higher than necessary for back- 
washing. The use of such high-pres- 
sure water represents a wasteful use of 
power and unless proper protective de- 
vices are provided, there is always the 
possibility that a filter bed will be 
overturned because of the pressure. 

A wide variation in wash water tank 
storage capacity is provided in various 
plants. The average storage capacity 
appears to be about 70,000 gal for 
every 360 sqft of filter area. The 
storage requirements should be ana- 
lyzed for each plant, taking into con- 
sideration the most adverse conditions 
which may be expected. In any case, 
however, storage capacity equivalent to 
that required for at least two complete 
filter washes should be provided. 

Wash water tanks should be high 
enough to provide the head required to 
deliver the desired flows to the most 
remote filter units. In actual practice, 
heads of only 35 ft or less between the 
bottom of the tank and the top of the 
filter sand are provided in most plants, 
although sometimes there is 50 ft. 

Steel standpipes usually are less ex- 
pensive than other types of tanks and 
are ideal for wash water storage, par- 
ticularly in milder climates where freez- 
ing is not a serious problem. If stand- 


pipes are built to provide 50-60 ft of 


head when full, the head is sufficient 
for both the surface wash (of the fixed 
type) and the backwash. The wash 
water tank should be so located that 
the length of run to the filter pipe gal- 
lery is kept to a minimum. 

It is preferable to arrange the piping 
so that the pump will discharge into 
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the pipe leading to the tank at some 
point between the wash water meter 
and the tank, thus insuring that all 
water will be metered even though the 
pumps are running during washing 
operations. The pumps should be set 
so as to insure that the suctions will 
be flooded at all times. 

Horizontal, centrifugal, double-suc- 
tion pumps are widely used, although 
those of the horizontal, centrifugal, 
side-suction type are also common. In 
general, the double-suction pump is 
more efficient and requires less main- 
tenance, but it has a higher initial cost 
than the side-suction type. 

Where the pumps can be located 
over the effluent conduit or over the 
clear well, it is often economical to use 
vertical pumps of either the deep well 
turbine type or the mixed-flow type. 
Vertical centrifugal pumps with the 
pumps set in a dry well and the motors 
supported on the operating floor above 
are sometimes used, but, because of the 
tendency of the bearings to give trou- 
ble, such pumps are not as trouble free 
as the types mentioned above. 

When pumps are used for supplying 
the backwash water, the surface wash 
should be supplied from some other 
source which will provide a_ higher 
pressure, such as a main in the dis- 
tribution system, or from a separate 
pump designed for the higher pressure 
needed for the surface wash. Mixed- 
flow pumps should not be used for 
supplying wash water directly to the 
filters because this type of pump tends 
to overload the motor when the dis- 
charge is throttled. 

In order to prevent damage to the 
pumps when they are operated for a 
considerable time against a closed dis- 
charge, a relief line 2—1 in. in diameter, 
depending upon the pump capacities, 
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should be provided. This line should 
be without valves and should be in- 
stalled between the discharge header 
and the clear well or at another con- 
venient point of disposal. 

If it is possible for the level in the 
clearwell to be drawn down below the 
pump suctions, a float switch should 
be provided for stopping the pump 
when the water level in the clearwell 
drops below a safe level. 

Each pump discharge should 
equipped with a check valve of proved 
nonslam characteristics. 

Piping. The filter gallery piping is 
one of the most important components 
of a filter plant. The designer should 
use his ingenuity to develop an ar- 
rangement of piping which will satisfy 
all functional requirements and insure 
ease of maintenance and operation. 
One should be able to walk the length 
of the pipe gallery without having to 
climb over piping and without walking 
through puddles of water; it should be 
possible to remove any individual valve 
without the disassembly of any large 
amount of piping. It may therefore 
be necessary to set some of the valves 
in positions that are not ideal from the 
standpoint of minimum wear, but this 
is considered preferable to an arrange- 
ment which might otherwise be ex- 
tremely difficult to maintain. 

Filter piping, including concrete con- 
duits, should be designed with the ut- 
most care to insure adequate capacity, 
tight joints, and ease of maintenance. 
When designed for the following maxi- 
mum velocities, the head are 
kept reasonably low and without ex- 
cessive cost : influent and effluent mani- 
folds or conduits, and connections to 
filters, 2-3 fps; backwash and surface 
wash piping, 10 fps; and waste wash 
water, 3—5 fps. 
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In large plants, the influent, efflu- 
ent, and waste wash water manifolds 
usually are constructed of rectangular 
concrete flumes or conduits. Similar 
construction is often used in small 
plants for the influent manifold and 
waste wash water conduit. Such con- 
duits must be constructed with con- 
traction joints provided with copper or 
rubber waterstops and designed with 
special emphasis on _ watertightness. 
Large conduits should be provided 
with means of access for purposes of 
maintenance. In older plants it was 
customary to use cast-iron pipe and 
fittings for all metal piping except 
small auxiliary lines, and, although this 
practice still is common, there has been 
a growing trend toward the use of 
welded steel pipe and fittings for pip- 
ing larger than 12 in. Steel plate not 
less than } in. in thickness should be 
used for such work, and the interior of 
the pipe should be lined with hot- 
applied coal-tar enamel or with cement- 
mortar not less than } in. in thickness. 
The use of steel pipe has certain advan- 
tages over cast iron. It has a lower 
initial cost, and calked joints, which 
usually require recalking with sea- 
sonal changes in temperature, can be 
avoided. Because the steel is lighter 
in weight, it can be more easily sup- 
ported, and it is more adaptable to 
necessary changes. 

Pipe connections to conduits and fil- 
ters. All pipe connections to conduits 
and filters should provide for a wall 
flange located in the center of the wall, 
6-8 in. larger in diameter than the 
outside diameter of the pipe, to act as 
a waterstop. 

Where wall fittings are of cast iron, 
it is common practice to design the fit- 
tings so that the overall lengths corre- 
spond to the thicknesses of the walls in 
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which the fittings are used and with 
bell ends on the sides of the walls to 
which piping is to be connected. 

Where the wall fittings are of steel, 
a very satisfactory design has been 
used in which the wall fitting projects 
about 6 in. through the wall into the 
pipe gallery, with a heavy steel band 
welded to the pipe and machined to 
provide a shouldered end for a flexible 
leakproof coupling. This coupling, if 
installed with a -in. gap between the 
pipe ends, permits some movement be- 
cause of temperature changes and, at 
the same time, provides a joint which 
requires no maintenance to keep it 
tight. 

Wash water pipe manifolds should 
be designed to resist hydrostatic 
thrusts. Where sleeve-type couplings 
or bell-and-spigot joints are used, 
shackles or harness sets should be pro- 
vided unless other means are provided 
to prevent movement when the piping 
is under pressure. 

Valves. \t has been common prac- 
tice in filter plants to install standard 
double-disc water works valves de- 
signed for 150-psi working pressure 
and 300-psi test pressure (11), al- 
though the actual working pressures 
encountered in a filter plant are quite 
low. Some newer plants are using 
large valves designed for a 50-psi 
working pressure with satisfactory re- 
sults. When hydraulically operated, 
valves should be equipped with cast- 
iron cylinders lined with seamless red- 
brass tubing and should be provided 
with tail rods. Wherever possible, 
valves should be placed with the stems 
in the vertical position. Where it is 
necessary to mount a valve with the 
stem in a horizontal position, wide 
substantial bronze slides should be at- 
tached to the discs to carry the weights 
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of the discs, and heavy bronze tracks 
should be attached to the body and 
bonnet on which the slides may travel. 
Although rollers, rather than slides, 
are frequently attached to the discs, 
they soon wear flat in one spot and 
are of little use thereafter. 

Riddick (12) reports the successful 
use of butterfly valves both for shutoff 


and as rate controllers. Weirs and 
float-controlled butterfly valves have 
been used as rate-of-flow controllers 


in industrial plants for many years. 
The use of double-disc gate valves 
to control the flow of wash water in 
filtration plants is being increasingly 
recognized as undesirable. The double- 
disc gate valve is intended to be oper- 
ated either in a fully open position or 
a fully closed position. Its use as a 
throttling device involves a chatter of 
the suspended gates, causing them to 
wear rapidly. It necessitates the com- 
plete reconditioning of the working 
parts in 5-10 years. The modern 
AWWA specification butterfly valve is 
fully acceptable for wash water control. 
Sluice gates. In large plants espe- 
cially, many sluice gates are generally 
used. The most common application 
of sluice gates in connection with filter 
units is in the waste wash water out- 
lets. All sliding surfaces should be of 
good quality Sluice gate 
frames and gates should be constructed 
of heavily ribbed cast iron with heavy 
bronze seats dovetailed into the cast- 
iron frames and gates and pinned at 
close intervals. Adjustable side and 
bottom wedges and heavy bronze stems 
should be provided. The rectangular 
flat-type frame, which bolts directly to 
the face of a concrete wall, is most 
generally used, although the spigot- 
type frame is also used. If hydrauli- 
cally operated, the cylinders should be 
of cast iron lined with seamless red- 


bronze. 
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brass tubing and should be provided 
with tail rods. The setting should 
permit removal of the gate for repairs, 
and it is desirable that the frames be 
removable in case new seats are re- 
quired. The frame and gate should be 
fitted and tested at the factory and 
should installed as a unit rather 
than individually. Since it is difficult 
to sandblast the assembled unit with- 
out leaving sand on the sliding seats, 
the castings should be sandblasted and 
primed at the factory before assembly. 

Pressure for hydraulically operated 
valves. Water under pressure for op- 
eration of hydraulically operated valves 
and sluice gates is usually supplied at 
pressures of 80-90 psi, but, if suitable 
pressures are not available, a hydro- 
some other 

Sometimes 


be 


pneumatic system or 
method must be provided. 
only pressures below 80-90 psi are 
available in the distribution 
A small centrifugal booster pump (to- 
gether with a standby unit) should 
then be installed for boosting the pres- 
sure. If a }-in. bleed line from the 
pump discharge is provided, the pump 
can operate against the closed hydrau- 
lic system without injury to the pump. 
Start-and-stop push buttons controlling 
the pump should be installed near the 
filter controls for each unit and run- 
ning lights should be provided in a 
prominent location. Such an arrange- 
ment has operated successfully for sev- 
eral years at the municipal filter plant 
in El] Centro, Calif. 

In using a hydropneumatic system, 
certain advantages are to be gained 
over a closed system. The water 
drained from the cylinders is returned 
to a tank from which the pumps sup- 
plying the water to the hydropneumatic 
system take suction. The tank should 
be open to atmospheric pressure but 
should be kept covered to keep out 


system. 
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dust and dirt. A makeup supply line 
equipped with a float valve should be 
provided, and a low-cost soluble oil 
may be added to the water to lubricate 
the cylinders and various controls com- 
ing in contact with the pressure water. 
When this is done, scale formations 
and corrosion can be eliminated and 
much less maintenance is required. 
The closed hydropneumatic system is 
in use in Southern California at both 
the Metropolitan Water District’s 200- 
mgd Frank E. Weymouth Softening 
and Filtration Plant at La Verne and 
at San Diego’s 66-mgd Alvarado Fil- 
tration Plant. 

It is desirabie to use hard-drawn 
copper tubing for all piping related to 
water under pressure for operation of 
hydraulic cylinders because of its free- 
dom from corrosion. 

Any products of corrosion interfere 
with the proper operation of the con- 
trols and tend to score the cylinder 
walls. For this reason it is important 
to provide a strainer at the point at 
which the water enters the pressure 
system. 

Large valves and sluice gates some- 
times stick and are difficult to open 
with the available water pressure. 
This trouble can be avoided to a large 
extent if a pressure relief valve is pro- 
vided in the pressure connection at the 
top of the cylinder to limit the closing 
pressure to about 35 psi, thus prevent- 
ing the severe wedging action which 
may occur when the normal pressure 
is applied. 

Unions should be provided at con- 
nections to all hydraulic cylinders. 


9. Filter Controls 


Operation of a rapid sand filter is 
accompanied by an increase in loss of 
head through the sand. This is caused 
by the collection of mud and floc on the 
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sand surface which impedes the pas- 
sage of the water being filtered. As 
it is impracticable to increase the oper- 
ating head over the sand to offset the 
increasing loss of head, a uniform rate 
of flow through the filter bed can be 
maintained only by regulating the size 
of the opening in the effluent line and 
making it proportional to the head 
available for producing flow through 
it. Automatic regulation, such as is 
provided by rate controllers, is there- 
fore essential to good filter plant 
operation. 

The operating power used to ma- 
nipulate the valves to perform this 
function may be hyaraulic, pneumatic, 
or electric, and the controllers fall into 
two classes: direct acting and indirect 
acting (pilot operated). 

Direct acting controllers. One type 
of controller is a direct-acting venturi- 
actuated controller which is designed 
for either horizontal or vertical mount- 
ing. The particular features of this 
type are a low head loss, lack of falloff 
after long runs, less weight, and less 
space for installation. It is the pur- 
pose of this controller to dissipate hy- 
draulic head so as to maintain a con- 
stant rate of flow. This controller is 
designed using statically and dynami- 
cally balanced valve blades, thereby 
decreasing the possibility of binding 
action. The diaphragm pot is remov- 
able and may be serviced in place. 
The controller works on the theory in- 
volving the balance of moments as cre- 
ated on the controller beam. The bal- 
ance of forces is created by setting the 
counterweights at a predetermined 
distance from the fulcrum balancing 
the venturi differential (as created by 
the flow through the venturi tube). 
The venturi differential is applied to 
the diaphragm pot of the controller, 
and the position of balancing is a func- 
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tion of the valve opening as determined 
by the piston load on the diaphragm 
pot and the position of the counter- 
weight. 

Another type of controller is a fore- 
runner of the above type, but is de- 
signed to dissipate greater heads and 
is particularly useful on pressure fil- 
ters. Because of design features, it can 
be used for tight closing, thus achieving 
a better control over flow. 

Certain component parts are added 
to change the balance of forces directly, 
or, in some way, to induce a change 
in balance so as to perform the par- 
ticular function for which the compo- 
nent part has been added. This change 
can be brought about by various com- 
binations of the auxiliaries as follows: 


a. Float shutoff 
b. Fluid counterweight 
[1] Direct connection to the por- 
tion of the system which is to be 
controlled 
[2] Solenoid or mechanical valve 
control 
c. Auxiliary diaphragm pot, either 
hydraulic or pneumatic 
d. Electrically operated 
weights 
e. Valves which depend on a con- 
stant pre-set elevation of a clear well. 


counter- 


Another type of controller is similar 
in principle and operation to the first 
controller mentioned, but it may be 


fitted with auxiliaries such as_ those 
listed above. 
Indirect-acting controllers. For cer- 


tain requirements, particularly where 
the line size is over 12 in. in diameter, 
the pilot-operated, hydraulically pow- 
ered controllers have some important 
advantages. The operation is simple 
and positive. Plant water pressure is 
supplied to the opening or closing side 
of the hydraulic cylinder through a 
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pilot valve, which accurately regulates 
the position of the control vane in re- 
sponse to the set rate. The construc- 
tion of the pilot valve is such that the 
movement of the stem is proportional 
to the departure from the “‘set’’ rate— 
that is, if the controlled flow deviates 
from the set rate by a small amount, 
the pilot valve is just “cracked” to 
admit a small flow of water to position 
the control vane properly. If the devi- 
ation from the set rate is great, a larger 
quantity of water is admitted to the 
cylinder to effect rapid movement of 
the stem. As the vane nears the con- 
trol point, the flow of water to and 
from the cylinder is gradually throttled 
to stop the movement without over- 
travel. These controllers operate as 
amplifiers to convert the small energy 
obtained by the venturi differential into 
a powerful mechanical force. 

One controller of this type has a 
hydraulically operated gate valve con- 
trol section and is used where tight 
shutoff is necessary. Another has a 
hydraulically operated cylinder posi- 
tioning a butterfly valve. 

Air-operated controllers. the 
air-operated type, the controlled—air 
pressure system provides an instan- 
taneous pneumatic activation for oper- 
ating loss-of-head and _ rate-of-flow 
gages, level gages, rate-of-flow con- 
trollers, and regulation of liquid level. 
The basic elements of such a system 
are: [1] a regulated air supply at a 
specific pressure ; [2] one or more con- 
verters which convert differentials 
(either linear as loss of head, or para- 
bolic as rate of flow) to a linear 
controlled air pressure; [3] an instru- 
ment which is operated directly by the 
controlled air pressure or a mechanism 
operated by the controlled air pressure 
for actuation of an air-operated valve 
of a rate-of-flow controller. 
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The loss-of-head converter receives 
the differential across a filter on either 
side of the loss-of-head differential dia- 
phragm which is mechanically linked 
through the converter lever system to 
the air control valve. The operation 
of this valve is the heart of the system. 
In the raised, or open, position air is 
admitted to the controlled—air pressure 
chamber; in the lowered, or closed, 
position it is shut off. 

The filter level water pressure on 
the high side of the diaphragm cham- 
ber is isolated from the air system by 
a pivoting bellows and seal ring, 
mounted in a yoke. The yoke is the 
fulcrum of the converter lever system. 
The lever system is also connected to 
the center plates of the controlled—air 
pressure diaphragm at the bottom of 
the controlled-air chamber. At zero 
position, the weight of the diaphragm, 
its center plates, and the lever system 
are balanced by a spring tension ad- 
justed by a manually operated knob. 
When the system is in equilibrium, the 
air control valve is closed. The zero- 
ing adjustment insures that the con- 
trol valve is accurately seated. The 
control valve stem has a movement 
of approximately 0.0015 in. The 
controlled-air chamber is provided 
with an orifice escapement always open 
to atmosphere. The orifice maintains 
the controlled air pressure within its 
operating range. The converter de- 
livers a controlled air pressure of 0 psi 
at no loss of head, 3 psi at maximum 
loss of head, and intermediate pres- 
sures in direct proportion to intermedi- 
ate differentials—for example, 1.5 psi 
at 50 per cent of maximum differential 
or loss of head. It functions as 
follows: 

When there is no differential, the 
air control valve is closed and there is 
no controlled air pressure in the cham- 
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ber, as the orifice escapement vents to 
atmosphere. The instant a differential 
is received by the loss-of-head dia- 
phragm, the air control valve opens 
and builds up a pressure in the 
controlled—air pressure chamber against 
the orifice escapement until the pres- 
sure on the controlled—air pressure dia- 
phragm balances the differential and 
the air control valve is correctly posi- 
tioned. It remains in balance until 
greater differential causes the air con- 
trol valve to open further and start a 
repetition of the cycle. The controlled- 
air pressure is therefore a direct meas- 
ure of the differential or loss of head. 

The rate-of-flow converter receives 
the differential measured by a venturi 
tube (or orifice plate) on either side 
of the rate-of-flow differential dia- 
phragm. Through the converter lever 
system, the diaphragm is mechanically 
linked to the air control valve. It is 
the operation of this valve which makes 
the system work. In the raised, or 
open, position, air is admitted to the 
controlled—air pressure chamber ; in the 
lowered, or closed, position, it is shut 
off. The operation of the controlled— 
air pressure chamber is similar to the 
loss-of-head converter except that the 
lever system is connected to a counter- 
weight and paraboloid float which is 
totally submerged in mercury at zero 
level. The mercury well is connected 
to a riser tube vented to atmosphere 
and provided with a filler cap and 
drain plug. During operation the con- 
trolled air pressure displaces mercury 
in the mercury well. At zero level the 
entire lever system counterweight and 
float are balanced by the adjustable 
lever balance weight and the buoyancy 
of the float in mercury. When the 
system is in equilibrium, the air control 
valve is closed. The zeroing adjust- 
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ment insures that the control valve is 
accurately seated. The control valve 
stem has a movement of approximately 
0.0015 in. 

The rate-of-flow converter operates 
at the same pressures as the loss-of- 
head converter. It functions as fol- 
lows: When there is no differential— 
that is, no flow through the venturi 
tube—the air control valve is closed 
and there is no controlled air pressure 
in the chamber, the orifice escapement 
venting it to atmosphere. The instant 
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the parabolic flow differential function 
to a corresponding linear function. 
The controlled air pressure is therefore 
a direct measure of the rate of flow 
through the venturi tube. 

The rate-of-flow control system con- 
sists of a pneumatically operated but- 
terfly valve which is positioned by a 
rate-of-flow controller in the 
operating table. The measurement of 
flow is achieved either by an orifice 
plate or venturi tube. The flow meas- 
urement to the signal controller origi- 
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flow diaphragm, the air control valve 
opens and builds up a pressure against 
the orifice escapement. The air pres- 
sure acting within the mercury well 
depresses the mercury until the ef- 
fective weight of the uncovered por- 
tion of the paraboloid float rebalances 
the lever system, and the air control 
valve is then correctly positioned. The 
system remains in balance until a 
greater differential on the rate-of-flow 
diaphragm causes the control valve to 
open further and repeat the cycle. The 
shape of the float automatically converts 


transmitter or  differential-pressure 
(d/p) cell transmitter located in the 
pipe gallery. Since the rate-of-flow 
controller is located on the operating 
table, the operator can read the rate 
of flow, change the filtration rate by 
setting the index of the controller, or 
manually position the valve to a fixed 
position. 

The loss-of-head indicator is meas- 
ured by means of the d/p cell trans- 
mitter which provides pneumatic sig- 
nals proportional to the loss of head. 
A gage provided on the operating 
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table receives this signal and indicates 
the loss of head in feet of water. 


10. Pressure Sand Filters 


Pressure filters are based on the 
same principle as gravity-type rapid 
sand filters, but the underdrains, 
gravel, and sand are placed in a cylin- 
drical tank and the water is passed 
through the filter under pressure. In 
pressure filters the tank axis may be 
either vertical or horizontal. Filters 
of this type are intended for use where 
raw water is supplied under pressure 
and where it is desired to filter and 
deliver the water without further 
pumping. <A cross section of a pres- 
sure filter is shown in Fig. 11-8. 

Finished water from a pressure filter 
requires as careful pretreatment and 
as good a quality of applied water as 
would be necessary for finished water 
from free-surface filters. The extent 
and character of pretreatment are, of 
course, governed by the quality of the 
effluent desired. 

Pressure filters are subject to the 
same operating difficulties as afflict 
standard rapid filters, except that air 
binding rarely occurs. Most of the 
troubles encountered are a result of 
careless operation or improper appli- 
cation of the water by the operator, 
both inherent in the nature of these 
filters. Their use for the production 
of a domestic water supply is not ap- 
proved by some authorities. The im- 
portant objections to pressure filters 
are listed by Charles R. Cox (173) as 
follows: 


a. The treatment of water under 
pressure seriously complicates effective 
mixing, coagulation, and sedimentation 
of the water to be filtered and, thus, 
many pressure filters installed 
without adequate coagulation facilities. 


are 
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b. It is more difficult to apply chemi- 
cals to water under pressure. 

c. The appearance of the water 
being filtered and of the sand bed is 
not under observation, nor is it pos- 
sible to observe the effectiveness of 
wash water or the degree of agitation 
during the washing process. 

d. Because of the inherent shape of 
pressure filters, it is difficult to provide 
wash water gutters effectively designed 
so that material washed from the sand 
is discharged to waste and not flushed 
back to other portions of the sand bed. 

e. It is difficult to inspect, clean, 
and replace the sand, gravel, and un- 
derdrains of pressure filters. 

f. The operation of such units under 
pressure encourages the pumping or 
forcing of water through the beds at 
excessive rates. 

11. Diatomite Filters 

The diatomite filter is a special type 
of pressure filter employing a processed 
diatomaceous earth as the filtering me- 
dium. It was developed primarily for 
military use during World War II, 
and has since been used to a limited 
extent for swimming pool waters and 
small potable supplies. 

The filter is enclosed in a pressure 
tank with influent, effluent, wash water, 
and drain piping connections. The 
structural support for the filter me- 
dium is a fine metal screen, a synthetic 
fabric, or porous ceramic material. 
This filter is prepared for use by pre- 
coating, by which diatomaceous earth 
carried in suspension in water is built 
up in the filter base to a thickness of 
about 4 in. The filter is then placed 
in service. The influent water is 
treated with a small amount of diato- 
mite slurry to build up the filter me- 
dium as the filtration proceeds. Filtra- 
tion rates range from 1 to 5 gpm or 
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more, depending on the character of 
influent water and results desired. 
After operation periods of several 
hours or days the filter is taken out 
of service, backwashed, and flushed. 
After precoating it is again returned 
to service. 
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Design and Operation Data on Large Rapid 
Sand Filtration Plants in the United 
States and Canada 


Kenneth W. Cosens— 


A report prepared for AWWA Committee 8913 P—Revision of Water 
Quality and Treatment, Chapter on Filtration, by Kenneth W. Cosens, 
Assoc. Prof., College of Eng., Ohio State Univ., Columbus, Ohio. 


S a member of an AWWA task 

group high-rate filtration 
which was later expanded and assigned 
the task of revising Chapter 11 of the 
AWWA manual Water Quality and 
Treatment, the author was given the 
project of bringing up to date the in- 
formation on rapid sand filtration 
plants in the United States and Can- 
ada. The new information was to fol- 
low the general pattern used in the 


article by Eugene A. Hardin which 
was previously published in the Jour- 
NAL (1). 

To carry out this assignment, ques- 
tionnaires were sent to plant personnel 


in all cities with populations over 
100,000, as indicated by the 1950 cen- 
sus. Cities with metropolitan areas in 
excess of 100,000 were also included. 
The cooperation of the many plant 
superintendents who answered the 
questionnaires is greatly appreciated. 

Reports were received from 79 
plants, as compared to the 56 plants 
reported approximately 10 years ago 
(1), and the present classification is 
somewhat different, including a few 
more of the smaller plants. Where re- 
plies were not received, information 
was freely borrowed from the earlier 
survey. 


No search of the literature was made 
to locate more complete descriptions 
of particular plants. The bibliography 
at the end of the earlier article (7) can 
be referred to for information on the 
plants listed there. 


Explanatory Notes 


Most of the figures in these tables 
need no explanation but, to make them 
more clear, a brief explanation of some 
of the items is given, together with 
notes on characteristics which do not 
fall within the limits of the tabulation. 

Capacity figures are given in US 
gallons throughout. 

The raw-water characteristics given 
are those of the water entering the 
treatment plant. 

Chemical feed is designated as “dry” 
when the chemical dosage is measured 
in a dry condition and as “solution” 
when the dosage is of a given concen- 
tration of chemical solution measured 
in a liquid form. 

Velocity of mixing for a baffled mix 
is the rate of flow through the length 
of travel given; for the hydraulic jump 
at Cleveland it is the velocity in the 
jump; for mechanical agitators it is 
the peripheral speed of the mixing 
paddle or blade ; for tangential mix, no 
velocity is given. 
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Coagulation basin lengths and widths 
given are at the water surface, whereas 
the depths are either the range of 
water depth or the deepest water. 
Some peculiarities in shape are men- 
tioned below. 

The velocity in filter influent main 
or header is the maximum average 
cross-sectional velocity at nominal ca- 
pacity flow. 

The velocity in filter inlets is the 
velocity in the smallest cross-sectional 
area in the connection of filter to the 
influent main (or header) when the 
filter is operating at nominal capacity. 

The dimensions of those filters which 
are divided into two sand areas by a 
center-wash gullet are indicated thus: 
2 at a X b, where a is the width and 
b, the length of sand area in each half. 

Nominal capacity of plant is the 
product of the number of filter units 
and the size of units in million gallons 
per day. 

Table 1 gives the characteristics of 
rapid sand filtration plants in_ the 
United States and Canada. Tables 2 
and 3 list cities of over 100,000 popu- 
lation which have slow sand filtration 
plants, or do not have rapid sand 
plants, respectively. 


Water Plant Notes 


1. Akron, Ohio. The supply is im- 
pounded in a reservoir of 4.2-bil gal 
capacity on the Cuyahoga River. The 
capacity of the original filter installa- 
tion in 1915 totaled 20 mgd. These 
filters are 29 ft long and have under- 
drain laterals cast in the floor under 
the Wheeler bottom construction. Ad- 
ditional filters of 10-mgd capacity were 
installed in 1919 (length 25 ft), and 
of 2-mgd capacity in 1922 (length 29 
ft). The last two installations have 
false-slab construction under the 
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Wheeler bottom. A mixing chamber 
and second coagulation basin were 
added in 1925. Previous to 1952, Pal- 
mer surface wash was installed in all 
25 filter units and a new wash water 
tank with 125,000-gal capacity was 
installed. Distribution system storage 
was increased to 33 mil gal. 

2. Albany, N.Y. The supply is im- 
pounded on Hannacrois Creek, where 
storage reservoir capacity is 12.1 bil 
gal, and Basic Creek, where storage 
reservoir capacity is 0.716 bil gal. 
This supply replaced the Hudson River 
supply in 1932. Filtered-water storage 
on the distribution system totals about 
200 mil gal in three equalizing reser- 
voirs. Albany also has slow sand fil- 
ters of about 20-mgd total capacity, 
part of the old supply held in reserve 
for emergency. Baffling is accom- 
plished by 4 in. X 2 in. openings in 
the baffle wall. Settled-water conduit 
is a concrete flume 11 ft deep x 4 ft 
wide. Filter inlets are 2 ft x2 ft 
sluice gates. Floor strainers in the fil- 
ters discharge in dual rows into 4 in. 
x 6 in. concrete laterals. Flume ar- 
rangement between settling tanks and 
filters make it difficult to apply lime or 
carbon to the settled water. 

3. Allentown, Pa. This city has sev- 
eral sources of supply: 12 mgd from 
two springs with no treatment except 
chlorination; 30 mgd from Little Le- 
high River which is filtered; and 3 
mgd from two deep wells as a standby 
supply. The filters are surface washed 
with agitators. Sand expansion gages 
are used in both the old and new parts 
of the 30-mgd plant. 

4. Atlanta, Ga. Preliminary sedi- 


mentation in the raw-water storage 
reservoir totals from 7 to 10 days. 
Filter data given are for gravity filters: 
seven 3-mgd units installed in 1923, 
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and one additional 3-mgd unit and six 
5-mgd units installed in 1940-41. 
There are also 36 horizontal-type pres- 
sure filters of 0.5-mgd capacity each 
and 12 Hyatt pressure filters of 0.25- 
mgd capacity each, the latter being the 
original filters installed in 1887. The 
basin dimensions given are for the co- 
agulation and settling basin built in 
about 1920. It has sloping sides and 
a hopper-shaped bottom. About one- 
third of the basin, at the entrance end, 
is used as a mud basin and may be 
cleaned independently. 

5. Baltimore, Md. The supply is im- 
pounded on Gunpowder River. The 
present raw-water storage is approxi- 
mately 23 bil gal. The coagulation and 
settling basins are somewhat irregular 
in shape and have sloping exterior 
sides. The line is added to the filtered 
water to reduce corrosive action. 

6. Binghamton, N.Y. There are 
four 2.5-mil gal covered reservoirs and 
one 0.75-mil gal reservoir on the dis- 
tribution system. 

7. Birmingham, Ala. Wash water 
gullet locations at the Shades Moun- 
tain Filter Plant were at side and front. 
Those at the side were circular; the 
others were not. Lime is used only 
part of the time. 

8. Buffalo, N.Y. Because there is 
no mixing chamber, the raw-water con- 
duit is dosed with alum at the low-lift 
pumps and mixed in the 78 ft of con- 
duit to the coagulation basins. New 
alum feeders and filter surface wash 
were being installed in 1941-42. 

9. Cambridge, Mass. Preliminary 
sedimentation is obtained in impound- 
ing and storage reservoirs. Mixing is 
accomplished in the raw-water conduit 
to coagulation and settling basins. En- 
trance to coagulation and_ settling 


basins is through a wall perforated 
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with 2-in. diameter holes. Filters are 
washed to a constant sand expansion 
which requires variations in rates of 
wash between the limits given. The 
filtered water is aerated. A 48-mil gal 
filtered-water reservoir on the distribu- 
tion system is located at Payson Park. 

10. Charleston, S.C. In addition to 
the use of low-service pumps for mix- 
ing, the water passes through 2,095 ft 
of 30-in. water main on the way to 
sedimentation basins. The sedimenta- 
tion basins, built in 1904, are con- 
structed of earth embankment with 
inside slope paved. The oval sedimen- 
tation basin contains 1.76 acres at 
normal flow level. 

11. Charleston, W.Va. The origi- 
nal plant, built in 1906, was the one 
for which most data were given. 
Newer plants, built in 1918 and 1948, 
were of 7.6- and 5.6-mgd capacity, re- 
spectively. The 1906 plant had a ca- 
pacity of 6.6 mgd, making the total for 
the three plants equal to 19.8 mgd. 
The 1918 plant has six filters, four of 
which have 1.1-mgd and two have 1.6- 
mgd capacity. The 1948 plant had 
four filters at 1.4 mgd each, with di- 
mensions of 21 ft x 23.5 ft and depth 
of 8.7 ft. Sand surface area is 15.5 ft 
x 23.5 ft and filter box is 9 ft deep. 
Sand depth is the same for all plants. 
The sand in the 1918 filters has an ef- 
fective size of 0.45 mm, except for two 
filters which are equipped with anthra- 
cite material with an effective size of 
0.70 mm. There is 18 in. of gravel in 
the 1918 and 1948 plants, maximum 
size being 2.5 in. in the 1918 and 1.5 
in. in the 1948 plant. Minimum gravel 
size is 4 in. in all plants. The 1918 
filters have perforated pipe laterals 
with manifold, while the 1948 filters 
have a Leopold bottom. Rate of wash 


water rise is 24 ipm in both 1918 and 


hal 
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1948 plants. Air is used in the earlier 
plant but not in the latter for sand 
agitation. Height of trough crest 
above sand is 24 in. in the latter two 
plants, and the clear distance between 
troughs is 5.5 ft and 6.08 ft in the 
1918 and 1948 plants, respectively. 
Wash gullets are in the front position 
for the latter two plants. 

12. Charlotte, N.C. Much of the 
operational data given were averaged 
for the years 1951-52. Data given 
relative to the mixing chamber applied 
to primary and secondary rapid mix 
only; the flocculators were not consid- 
ered. Tangential mechanical mixing 
and the use of air were reported for 
type of mixing. The 9.25-ft depth of 
filter box included the false bottom. 
The strainer systems in the filters are 
Wheeler bottoms and modified Leo- 
pold bottoms. Palmer filter sweeps are 
used for surface washing. 

13. Chattanooga, Tenn. The supply 
is treated in two parallel-operated puri- 
fication plants, both of which employ 
split lime treatment applied to the set- 
tled water and to the effluent from the 
filters. Plant No. 1 comprises conven- 
tional coagulation, sedimentation, and 
filtration, with the first two sedimenta- 
tion basins operating in parallel and 
delivery into the third basin. Plant 
No. 2 utilizes four 2.5-mgd purification 
units of the multiple-treatment type. 
Each unit consists of an open steel 
tank, 90 ft in diarneter and 17 ft high, 
subdivided into three compartments by 
two concentric steel rings. The inner- 
most compartment provides for mixing 
and coagulation and has a diameter of 
30 ft, providing a detention period of 
45 min at rated capacity. Raw water, 


to which the coagulant has previously 
been applied, is introduced tangentially 
at the surface of this compartment and 
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is withdrawn near the bottom through 
eight baffled port-openings to the set- 
tling compartment. The settling com- 
partment has an inner and outer diame- 
ter of 30 ft and 81 ft and provides for 
a detention period of approximately 5 
hr. The flow through this compart- 
ment is radially upward with the set- 
tled water discharging into continuous 
collecting launders on both the inner 
and outer walls through series of 
equally-spaced 14-in. orifices. A con- 
necting trough is provided between the 
launders and a 12-in. x 5-ft vertical 
chute discharges the settled water into 
the filter compartment. Lime applica- 
tion is made at the entrance to this 
chute. The filter compartment com- 
prises the outer 54-in radius of the 
purification unit and includes a 15-in. 
wide wash water gullet. The filter bed 
is 39 in. in width, having a surface area 
of 885 sq ft and is composed of 30 in. 
of sand directly supported by carbo- 
rundum plates. Filtered water dis- 
charges into an annular compartment, 
39 in. wide X 48 in. high, located be- 
neath the filter section and from which 
flow is by gravity to the clear-water 
basin. Each unit is equipped with 
complete flow control actuated from 
operating panels installed in a control 
building which is centrally located with 
respect to the four units. 

14. Chicago, Ill. The South District 
Filtration Plant serves about one-third 
of the city of Chicago. Ten of the 
80 filters are operated at high rates 
as follows: four filters operated at 4.0 
gpm per square foot, four at 4.5 gpm 
per square foot; and two at 5.0 gpm 
per square foot. Mechanical-type floc- 
culating equipment used. The settling 
basins are of two-story depth. Settled- 
water filter inlet conduits are of 30-in. 
pipe, and 11.5 ft of water is maintained 
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in the 13-ft deep filter boxes. Wash 
water troughs are 32 in. wide. 

15, Cincinnati, Ohio. This plant has 
preliminary sedimentation basins of 
340-mil gal capacity with a surface area 
of about 43 acres and a maximum 
depth of water of 54 ft. Modern chem- 
ical feed and mixing and flocculation 
facilities were installed in 1936-38. 
The original filters were also com- 
pletely remodeled and twelve new fil- 
ters added at that time. Analysis data 
is for 1952. Under chemical feed, the 
0.86 grains per gallon (gpg) reported 
in the space for alum actually is quan- 
tity of iron (Fe***) being added. 
There are two interconnected filtered- 
water reservoirs with combined ca- 
pacity of 28 mil gal. 

16. Cleveland, Olio. At the Divi- 
sion Avenue Plant, the alum is meas- 
ured dry by automatic scales which 
dump batches of a given size at pre- 
determined intervals into a dissolver 
from which the alum is forced by an 
ejector to the raw-water dosing point. 
Mixing is accomplished by the use of 
a baffled chamber. 

At the Baldwin Plant the prepared 
alum solution is mixed with the raw 
water by a hydraulic jump followed by 
a baffled conduit. The time at the 
jump is very short and the time in the 
rest of the mixing flume is about 1 min. 
The 600-700-fpm velocity given is the 
velocity in the hydraulic jump. The 
velocity in the baffled conduit is about 
300 fpm. 

Data relative to the large new Not- 
tingham Plant recently placed in opera- 
tion were not furnished. 

17. Clifton, N.J. This plant is the 
headquarters for the Passaic Valley 
Water Commission, which serves sev- 
eral communities other than Clifton. 
Lime is added after filtration. Five- 


pass flocculators are used. Since 1942, 
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plant improvements have been installed, 
consisting of flash mixer, clarifying and 
flocculating equipment, new Leopold 
filter bottoms, anthracite filter medium, 
pH control equipment, and breakpoint 
prechlorination. (See Item No. 57 
for plant description. ) 

18. Columbia, S.C. The wash wa- 
ter troughs are located 6 ft center to 
center in the old plant. There are two 
filtered-water reservoirs, each at 3-mil 
gal capacity. 

19. Columbus, Ga. In addition to 
over-and-under baffles, it was reported 
that there were “end-over-end” baffles 
in the sedimentation basins. A 20-in. 
main was used for filter influent while 
a 16-in. pipe served as a filter inlet. 

20. Columbus, Ohio. The raw wa- 
ter is impounded in two storage reser- 
voirs, totaling about 1.5 bil gal of avail- 
able capacity, on the Scioto River. 
This plant is a lime—soda ash softening 
plant, 3.7 gpg of Na2xCOs being added 
for softening in addition to lime. Aver- 
age raw-water hardness is 275 ppm and 
average output hardness is 100 ppm. 
The lime-mixing tanks are also stirred 
by mechanical agitators. The sedi- 
mentation basin effluent is recarbonated 
by a pipe grid placed in the bottom of 
the outlet end of the final basins. Be- 
sides the filtered water storage at the 
plant, two 1-mil gal standpipes and one 
2-mil gal standpipe are located on the 
distribution system. 

Not reported in the 1952 survey by 
the plant officials were three circular 
clarifiers, an additional lime—soda ash 
softening plant using only well water, 
new elevated storage, addition of so- 
dium hexametaphosphate, and occa- 
sional chlorine dioxide treatment. 

A new dam, under contract on the 
Big Walnut Creek, will impound 19.7 
bil gal of water. 
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21. Corpus Christi, Tex. Settling 
time is 4 hr in two tanks and 10 hr in 
two other tanks in parallel. Wash 
water gullets are in the front in twelve 
filters and in the side of twelve other 
filters. Filtered-water reservoirs are 
constructed both as ground tanks and 
as elevated tanks, both being covered. 
Plant capacity is 33 mgd but is over- 
loaded to 50 mgd. 

22. Dallas, Tex. The supply is im- 
pounded in a 63-bil gal storage reser- 
voir behind Garza Dam and in three 
other small impounding reservoirs of 
0.8 bil gal combined storage capacity, 
all on Trinity River. Filters are 
washed by direct pump pressure with 
no wash water tank. Eight new filter 
units were added in 1936-40. A 
secondary mixing basin with a 4-min 
retention period is located between the 
settling basins and the filters. About 
80 per cent of the water used in Dallas 
is treated at this plant; the remaining 
20 per cent, taken from deep wells, is 
not treated. The 1.0 gpg of alum re- 
ported is actually FeSO,,. 

23. Denver, Col. In the Marston 
Lake Plant some presedimentation is 
obtained in impounding Marston Lake 
on the South Platte River. The raw 
water is aerated by spray nozzles, the 
water falling into a mixing chamber. 
Anthracite coal is used as the fine 
filtering material in place of sand. 
Filters are washed at a 3.5-ft loss of 
head in this low-head plant. The 0.05- 
0.50 gpg of lime reported is actually 
NasAloO,. 

The Moffat Plant at Denver treats 
water diverted from the Fraser River 
or from the headwaters of the Colorado 
River through the Continental Divide 
via the Moffat Tunnel. 

24. Des Moines, Iowa. A softening 
plant was placed in operation as an 
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addition to existing pumping-station 
facilities which had been in operation 
since 1920. Analysis data given are for 
the year 1951. The settling basins are 
two-level, the upper being 15.3 ft deep 
and the lower being 12.4 ft deep. In 
addition to the sand and gravel, there 
is a 5-in. layer of torpedo sand varying 
in size from 0.8 to 1.2 mm. A fixed- 
type surface wash is provided. Plant 
pumping capacity is 100 mgd. Sludge 
return to mixing chamber has been of 
great benefit in reduction of chemicals 
used and in increasing the length of 
filter runs. 

25. Detroit, Mich. At the Water 
Works Park Plant, chemicals are dosed 
ahead of raw-water pumps and mixed 
in these pumps. This is followed by a 
3-min baffled-chamber treatment at the 
entrance to the coagulation basins. 

At the Springwells Plant, mixing is 
by baffle walls and two mechanical agi- 
tators. Filtered-water storage of about 
10 mil gal is obtained in six elevated 
tanks on the distribution system. Dis- 
tribution or guide vanes are used at 
both plants to aid in baffling of settling 
tanks. 

26. Edmonton, Alta. This plant is 
a lime—soda ash softening plant. An 
obsolete plant not described may be 
used to supplement peak flow condi- 
tions. 

27. El Paso, Tex. Two primary 
clarifiers are 80 ft x 80 ft « 14 ft; the 
aerator is 70 ft x 15 ft x 15 ft; 2 floc- 
culating machines are 36.5 ft x 67 ft 
x 12 ft; two settling basins are 105.5 
ft x 67 ft x 12 ft, each with 750 lin ft 
of weir per basin; two flocculating 
basins are 78.5 ft x 31.5 ft x 14 ft. 
There are two settling basins of which 
dimensions are not given. Total head 
loss from primary tanks to water on 
filters is 5.71 ft. There is 70-mil gal 
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storage on the distribution system at 
three levels, using five separate pres- 
sure systems. One-half minute of flash 
mixing with mechanical paddles occurs 
prior to flocculation. Underwater gas 
burners provide recarbonation. Aera- 
tion of raw water is done before chemi- 
cal treatment. Filter influent channels 
are 24-in. X 54-in. flumes in one part 
of the plant and 30-in. steel pipe in an- 
other. Filter influent pipes are 12-in. 
cast iron. 

28. Erie, Pa. Inthe Chestnut Street 
Plant the filters have 20 in. of sand and 
7 in. of anthracite material, while, at 
the West Plant, eight of the filters are 
the same. Six other filters have 30 in. 
of anthracite material and no sand. 

29. Evansville, Ind. Filtered-water 
storage on the distribution system is of 
20-mil gal capacity. Plant additions in 
1939 consisted of four filters and new 
chemical feeders. 

30. Flint, Mich. The plant was 
adapted to softening in 1939 by the 
addition of one primary mixing tank, 
three coagulation basins, and one me- 
chanically cleaned sedimentation basin, 
together with new chemical feed equip- 
ment. Additions since 1942 are not 
reported. 

31. Fort Wayne, Ind. The raw- 
water supply is impounded in a stor- 
age reservoir of about 700-mil gal ca- 
pacity on the St. Joseph River. The 
plant softens the water with lime and 
soda ash as well as clarifying it. Maxi- 
mum raw-water hardness is 475 ppm, 
300 ppm being the average. Average 
output hardness is 100 ppm. Settling 
basins are of the two-story type. 

32. Fort Worth, Tex. The general 
pattern of water treatment at this plant 
is about 10 min of quick mix after the 
addition of lime and alum, followed by 
35-50 min of gentle mixing in hy- 
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draulic or mechanical flocculators, and 
then a little over 4 hr of settling. 
Thirty-nine million gallons per day 
pass through 24 filters with cast-iron 
underdrain, while 40 mgd pass through 
twenty filters with Leopold bottoms. 
Chlorine is added to the filtered water 
before storage in a 10.742-mil gal clear 
well having four compartments. 

Presedimentation takes place in the 
15-bil gal impounding reservoir at Lake 
Worth, on the West Fork of the Trinity 
River. The inlet to the sedimentation 
basins is behind a curtain wall or down- 
baffle and the outlet is over a skim- 
ming weir. 

33. Gary, Ind. Until 1952, Gary’s 
water supply had not been filtered. 
Lake Michigan water was chlorinated 
and pumped to consumers. Data given 
are for the filtration plant under con- 
struction which is expected to go into 
operation in 1953. Note that data are 
given for two types of operation : 2-gpm 
per square foot and 3-gpm per square 
foot filtration rates. 

34. Grand Rapids, Mich. The plant 
clarifies Lake Michigan water. A grit 
basin precedes the mixing chamber. 
The five filters added in 1930 are 20.5 
ft xX 42 ft in size and filter at a lower 
rate (about 100 mgd per acre). Stor- 
age on the distribution system totals 
about 15 mil gal. 

35. Hamilton, Ont. 

36. Hammond, Ind. During peak 
load the plant described is operated at 
filtration rates as high as 3.75 gpm per 
square foot. Maximum summer rate 
reported was 36 mgd per acre. Sur- 
face wash has stationary jets. Rate 
controllers were changed from original 
installation of 4-mgd to 5-mgd capacity. 

37. Indianapolis, Ind. The supply 
for the White River Plant is impounded 
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at Broad Ripple on the White River, 
with very small storage behind the 
diversion dam. The coagulation basins 
have sloping sides with paved slopes. 
Indianapolis has six slow sand filters 
of 36-mgd capacity, of which three are 
now retired, on the White River sup- 
ply, and some well water is used. 

The Fall Creek Plant is supplied 
from an 8-bil gal impounding reservoir 
on Fall Creek. 

Conduits and basins of the 36-mgd 
plant on White River were designed 
for a 72-mgd flow. Figures given are 
for velocities calculated on number of 
basins required for only 36 mgd. 

38. Kansas City, Kan. This plant 
also has two primary basins for pre- 
liminary sedimentation before the raw 
water is dosed with chemicals. The 
coagulation basins are operated in 
series and are allowed to fill up with 
sediment to within 3 ft of water surface 
before cleaning, at which depth the 
time of retention is about 6 hr. Fil- 
tered-water storage on the distribution 
system amounts to 13 mil gal. Aver- 
aged raw-water turbidity is 2,040 ppm. 

39. Kansas City, Mo. The raw wa- 
ter receives preliminary sedimentation 
in four 200-ft diameter circular tanks 
with mechanical clarifiers before being 
dosed with chemicals. Initial mixing 
is in hydraulic jump channels recently 
built across the two 90-ft diameter 
original tangential-mixing chambers. 
The plant was adapted to softening in 
1941 by the installation of rapid-mix 
channels, and flocculating and sludge 
removal equipment in existing basins. 
A new chemical building and chemical 
handling and feeding equipment were 
also added. Reservoirs on the dis- 


tribution system hold 62 mil gal in stor- 
age. 


Average turbidity is 2,000 ppm. 
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40. Knoxville, Tenn. Two circular 
mixing chambers with mechanical 
stirrers are operated with tangential 
flow at velocities up to 2 fps. Water 
enters tangentially at the tops and 
exits from the center of the bottoms. 
The basin flow is straight through from 
the west to the east end. Widths of 
basin passes vary and basins have slop- 
ing sides, the length and width dimen- 
sions given being those of the average 
water surface. Basin inlets are located 
behind a fence of wooden slats and the 
basin outlets are skimming weirs. The 
storage on distribution system is 10 
mil gal for equalizing and 1 mil gal for 
reserve. Lime is applied only to set- 
tled water ahead of filters for pH 
adjustment. 

41. Little Rock, Ark. Four 2-mgd 
sand filters were added in the 1948 
construction program. Flash mixers 
precede flocculation. The plant filters 
water at an annual average rate of 15 
mgd. Filter bottoms are of three 
types; four units have pipe laterals, 
four have Leopold bottoms, and four- 
teen units have false steel bottoms with 
brass strainers on 6-in. centers. Back- 
wash rate is 20 ipm for the $-mgd units 
where freeboard (top of sand to trough 
crest) is 24 in. The backwash rate, 
however, is 30 ipm for the 2-mgd units 
where freeboard is 36 in. 

42. Los Angeles, Calif. This tabu- 
lated report is that of the Metropolitan 
Water District of Southern California. 
The 1940 population of 2,028,000 rep- 
resented thirteen member cities and the 
1950 population of 3,352,000 repre- 
sented sixteen member areas contain- 
ing 914 sq miles. The district does 
not supply all water used within the 
district. During 1951-52 they softened 
and filtered 90,000 acre-ft and deliv- 
ered a total of 197,000 acre-ft. Ac- 
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tivated silica is used for coagulation. 
The dosage is 0.174 gpg as SiO, and 
0.069 gpg as Cle. Alum is used only 
at times of high turbidity and is used 
only in conjunction with activated 
silica. Lime is used as a filter aid in 
conjunction with activated silica. The 
original design of settling tanks was 
center feed, radial flow to overflow 
weir around entire periphery. At 
nominal flow of 50 mgd, the velocity 
at 50 ft is 1.05 fpm and, at 100-ft 
radius, is 0.5 fpm. The new design 
calls for end feed with up-and-over 
baffle. At 50-mgd flow, the velocity 
on lower deck is 3.19 fpm and upper 
deck 2.25 fpm. Filter sand is laid in 
two layers. The lower 4 in. has an 
effective size of 1.0-1.5 mm and a 
uniformity coefficient of 2.0. The 
upper 20 in. has an effective size of 
0.45-0.50 mm, and a uniformity coef- 
ficient of 1.65. Filter wash water is 
recovered. There is no reservoir at 
the filter plant, but three reservoirs on 
the distribution system have a com- 
bined capacity of 396 mil gal. Under 
construction are an additional 489 mil 
gal of storage on the distribution system. 

43. Louisville, Ky. Preliminary 
sedimentation in two storage reser- 
voirs of 55-mil gal capacity each, or 
about 1 day’s retention time, precedes 
dosing of raw water. There is no 
regularly designed mixing chamber. 
Raw water is dosed in a slotted con- 
troller and is discharged through a 
sluice gate into each basin. The co- 
agulation basins were revamped in 1929. 
The six original filters, built in 1909, 
were reconstructed in 1931. A 30-mil 
gal filtered-water storage reservoir is 
located about 12 miles from the filter 
plant, acting as an equalizing reservoir 
on the distribution system. Surface 
wash was installed in the filters in 1940. 
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44. Memphis, Tenn. Water is 
pumped from artesian wells by the 
Parkway Pumping Station and the new 
Thomas H. Allen Pumping Station. 
Prior to 1953 the only treatment was 
iron removal on filters. The filter box 
depth of 6.96 ft is to the top of gullet. 
Filter sand is composed of 3 in. of 
coarse sand 1-3 mm in diameter and 
21 in. of filter sand with effective size 
of 0.50 mm. 

45, Miami, Fla. Water hardness 
is 250-260 ppm. The Hialeah piant is 
outstanding because of the lime recla- 
mation processes used. Water char- 
acteristics make it feasible to reclaim 
lime and to reuse the product. 

46. Milwaukee, Wis. Settling is ac- 
complished in two-story basins. The 
wash water tank is located on a bluff 
across the highway from the plant. 

47. Minneapolis, Minn. At the Co- 
lumbus Heights Plant one of the two 
old 47-mil gal raw-water storage reser- 
voirs was used as a presedimentation 
basin and the other was covered and 
used as a filtered-water reservoir, flow 
from which is by gravity to the part of 
the city served. The 19.5-mil gal reser- 
voir was completed in 1951, the 18-mil 
gal one in 1953 and the 15.2-mil gal one 
in 1952. The water-softening plant 
operates in connection with the filtra- 
tion plants. 

48. Mobile, Ala. Baffles are in- 
stalled at outlet of mixing basins. Me- 
chanical mixers are installed but are 
not used. Baffling is accomplished in 
the sedimentation basins by holes in a 
stilling wall and weirs at the discharge 
end. A wash water pump is used 
for backwashing filters. Filtered-water 
reservoirs consist of a 1-mil gal closed 
tank and two 10-mil gal open tanks. 

49. Montreal, Que. The population 
served includes that of Montreal and 
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adjoining municipalities. The old 
slow sand filters were abandoned in 
1935. Air, at a rate of 4 cfm per 
square foot, is used for agitating the 
sand in washing the filters. Three 
reservoirs float on the distribution sys- 
tem; one of 37-mil gal (Imp.) capac- 
ity; one of 60-mil gal (Imp.); and 
one of 2-mil gal (Imp.). 

50. Nashville, Tenn. Turbidity of 
raw water averages 65 ppm and alka- 
linity averages 75 ppm. Perforated 
inlets are placed in the sedimentation 
tanks. The raw water is given } hr 
presedimentation in a grit chamber be- 
fore dosing. Filtered-water storage on 
the distribution system totals 50 mil 
gal. An addition is being constructed 
which will provide two more filters of 
the same type, a Walker clarifier 75 
x 188 ft, and Palmer surface wash in 
all filters. 

51. New Orleans, La, Grit basins 
are provided for preliminary sedimen- 
tation. Filter underdrains are of seam- 
less brass tubing, with the orifices 
pressed in to catch some impact of 
velocity. The plant has a capacity of 
7.5 mgd and the wash water pump has 
a capacity of 6,600 gpm. 

52. Norfolk, Va. Alum is applied 
as a solution while lime is applied dry. 
Each plant has the benefit of presedi- 
mentation in raw-water impounding 
reservoirs. The Lake Prince Reser- 
voir has about a 4-bil gal storage ca- 
pacity. New plant additions were 
under construction in 1942. 

The coagulation basins at the Moore's 
Bridges Plant are of irregular width 
and have sloping sides. The dimen- 
sions that are given are of average 
water surface. 

At the Lake Prince Plant the water 
is aerated by a waterfall immediately 
after mixing in a closed mixing chamber 
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and is discharged from the aerator into 
the coagulation basins. 

53. Oakland, Calif. The supply is 
impounded on the Mokelumne River. 
The plants supply the nine cities which 
comprise the East Bay Municipal 
Utility District—Richmond, Cerrito, 
Albany, Berkeley, Emeryville, Oak- 
land, Alameda, Piedmont, and San 
Leandro. The distribution system is 
interconnected between the San Pablo 
Plant, located at North Berkeley, and 
the San Leandro Plant, located at East 
Oakland. The filter underdrains at the 
upper San Leandro Plant are of brass 
tubing. These filters are washed one- 
half section at a time. 

54, Oklahoma City, Okla. Turbidity 
varies between 20-400 ppm and alka- 
linity varies from 30-250 ppm. The 
supply is impounded in a_ 5.5-bil gal 
storage reservoir on the North Cana- 
dian River. The plant consists of pri- 
mary aerator, primary mixing cham- 
ber, coagulation basins, recarbonation 
at basin outlet, secondary mixing 
chamber, filters, 1-mil gal clear well, 
secondary aerator, and a 2-mil gal clear 
well. The plant softens as well as 
clarifies the raw water. The secondary 
mixing chamber has a 20-min retention 
and uses a rapid mix by three motor- 
driven agitators. An elevated tank of 
0.5-mil gal capacity floats on the dis- 
tribution system. 

55. Omaha, Neb. The plant has six 
large coagulation and settling basins of 
varying sizes, with a total capacity of 
80 mil gal. Parts of these basins are 
used for dosing and mixing. The fil- 
ters may draw water from any of these 
basins. The 5 ppm color reported is 
for finished water. The mixing cham- 
bers are: primary, 260 ft x 30 ft and 
average 9 ft deep; the secondary are 
155 ft x 80 ft and average 8 ft deep. 
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Lime is added dry and alum is added 
in solution. Mixing time is 10 min 
in primary and 15 min in secondary 
tanks. After primary settling, turbid- 
ity is reduced to 324 ppm. Coagu- 
lated and settled water to the filters 
has a turbidity of 3.65 ppm. Prechlo- 
rination takes place midway in the pre- 
sedimentation process just before addi- 
tion of alum and lime in a mixing basin. 
After settling, a second application of 
alum is made. Ammonia was applied 
but has been discontinued since 1950. 

56. Ottawa, Ont. Surface wash is by 
Palmer filter sweeps. 

57. Paterson, Passaic, and Little 
Falls, N.J. District. This plant sup- 
plies Paterson, Bayonne, Passaic, Clif- 
ton, and several other New Jersey 
towns and municipalities. The plant 
has no regular mixing chamber, raw 
water being dosed as it enters the co- 
agulation basins. The 1902 filters have 
wash gutters around the walls as well 
as across the center of the filter layer. 
The 1919 filters have central gutters 
with a front gullet. The Wanaque wa- 
ter supply includes 27 pressure filters 
of 0.75-mgd capacity, without coagula- 
tion or pretreatment. The distribution 
system includes three reservoirs, one 
each of 150-, 30-, and 3-mil gal ca- 
pacity. (See Item No. 17 for addi- 
tional plant description. ) 

58. Philadelphia, Pa. Each plant 
has slow sand filters in operation. A 
third slow sand plant of 24-mgd _ ca- 
pacity is located on the Schuylkill 
River, and Torresdale slow sand filters 
of 200-mgd capacity are located on the 
Delaware River. The three storage 
reservoirs on the distribution system 
have capacities of 600, 70, and 40 
mil gal. 

The coagulation basins at the Bel- 
mont rapid sand plant are irregular in 


RAPID SAND FILTRATION 


PLANTS 829 
shape. Plan view dimensions given 
are of average water surface. 

59. Portsmouth, Va. The water is 
obtained from two lakes and a well. 
Surface wash for the filters is of the 
Palmer type. The well source supplies 
2.7 mgd of water into the clear-water 
basin. This well supplies sufficient 
high fluorine content to maintain 1 ppm 
of natural fluorine in the water de- 
livered to consumers. 

60. Providence, RJ. For coagula- 
tion, 0.67 gpg of 70 per cent ferric 
sulfate is added. Studies in high-rate 
filtration are being conducted. Some 
sedimentation is obtained in a 37-bil gal 
impounding reservoir. The raw water 
is aerated as it enters the plant. Ferric 
sulfate is applied and mixed in a raw- 
water conduit 825 it long at a velocity 
of 15 fpm. Hydrated lime is added 
at a point 270 ft before entrance to the 
35-ft diameter mixing tank, which has 
rotary flow with a tangential bottom 
inlet and a tangential top outlet. The 
irregularly shaped sedimentation basins 
were reshaped, deepened, and lined 
with concrete and four new filters were 
added in 1939-40. The filtered water 
is aerated by the available unused fil- 
tering head on spray nozzles. There 
is no clear-water storage at the filter 
plant, and the filtered-water storage 
is on the distribution system in the 
39-mil gal Neutaconkanut low-service 
reservoir and the 12-mil gal Longview 
high-service reservoir, both of which 
are covered. This rapid sand plant 
replaced the original slow sand filters 
at Providence. 

61. Reading, Pa. This plant sup- 
planted two of Reading’s four small 
slow sand filter plants. The settling 
basins have perforated brick walls 
across inlet and outlet ends. They may 
be operated in parallel or in series. 
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62. Richmond, Va. Both baffles 
and mechanical mixers are used in the 
mixing chambers. The raw water is 
polluted by sulfite wastes from paper 
pulp mills upstream. The plant has 
two presedimentation basins, of about 
85-mil gal capacity each, which, used 
singly, give about 4 days settling. Ad- 
ditional mixing of 70 min is provided 
by mixing paddles installed in entrance 
end of sedimentation basins. Sedi- 
mentation basins are of somewhat 
irregular shape, but about the same 
volume. The dimensions given are 
averages. Filter inlets are at the rear 
of the filters. Filtered-water storage 
by gravity is 3 mil gal, but, by pump- 
ing, an available storage space of 7.5 
mil gal may be used. Filtered water 
is aerated by pumping through spray 
nozzles during the 9 warm months of 
the year. Occasionaliy, chlorinated 
copperas (2.5 gpg) is used instead of 
alum. Prechlorination (1.2-7.5 ppm.). 
with dechlorination by sulfur dioxide 
to a residual of 0.2 ppm applied to 
filters, is practiced. Finished water is 
corrected by lime to a pH of 8.7 and 
disinfected with chlorine and ammonia. 

63. Sacramento, Calif. To the origi- 
nal plant of 32-mgd capacity, eight 
filters were added in 1927 and addi- 
tional preliminary treatment was added 
in 1932, the last addition being made 
in 1937. The new preliminary treat- 
ment works consist of a grit chamber 
50 ft x 50 ft and 4 ft deep, a new 
aeration field of nozzles; four mixing 
tanks, 56 ft in diameter xX 23 ft deep, 
with pump impeller-type mechanical 
mixers; two sedimentation basins, 100 
ft square X 10 ft deep, with sludge col- 
lecting equipment; and 4-in. settling 
equipment, 44 ft x 145.5 ft and 9 ft 
deep, with intermediate sloping shelves 
and sludge-collecting equipment. 
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64. Saginaw, Mich. The enlarge- 
ment in 1948 amounted to changing the 
source of supply from the Saginaw 
River to Lake Huron, greatly improv- 
ing raw-water quality. The 6.5-mil gal 
settling basin includes 0.5-mil gal re- 
carbonation chamber now used only for 
settling. The present effective size 
of sand is large because of carbonate 
coating. 

65. Saint Paul, Minn. Baffles in 
the sedimentation tanks are around-end 
in secondary basins. Primary settling 
basins are open, secondary are covered. 
About 95 per cent of supply is obtained 
from the Mississippi River. This is 
pumped into a chain of fourteen small 
natural lakes partly supplied by springs 
which also add to the supply. Pre- 
sedimentation is obtained in these lakes. 
Mixing is assisted by compressed air 
diffused into the water as it enters the 
mixing chamber. This accomplishes 
some aeration as well as thorough initial 
mixing of chemicals. The plant was 
adapted to softening in 1939 with the 
addition of a flocculating basin and a 
mechanically cleaned clarification basin. 
The sedimentation basins are normally 
used in series and the velocity figure 
is for series operation. These basins 
are now used for secondary settling. 
Six new filters were built in 1939, three 
of which were equipped and put into 
service. Two filtered-water reservoirs, 
of 16-mil gal and 18-mil gal capacity, 
float on the distribution system. 

66. San Diego, Calif. Two of the 
three plants are pressure filter plants. 
Instead of alum, 0.63 gpg activated 
silica as sodium silicate and 0.42 gpg 
of ferric sulfate are added. In addi- 
tion to the mixing reported in Table 1, 
191 ft of mixing channel is equipped 
with mechanical agitation. Velocity is 
61.3 fpm in this channel. 
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67. San Jose, Calif. The California 
Water Service Company operates the 
two filter plants described in Table 1 
in addition to a treatment plant in 
Stockton which consists essentially of 
aeration, chlorination, and the feeding 
of sodium hexametaphosphate. There 
are no filters. The Mallard plant mix- 
ing chamber consists of two steel tanks 
in series. The backwash troughs in 
the Petaluma plant are joined in a V 
in circular filter. 

68. Savannah, Ga. 

69. St. Louis, Mo. In the Chain-of- 
Rocks Plant, raw water passes through 
a grit chamber for presedimentation 
before dosing. Lime is added at the 
entrance to the mixing basin and iron 
sulfate (0.73 gpg) at the exit of the 
mixing basin. The sulfate mixes in 
the conduit to the settling basins. Six 
settling basins are used in series. The 
water from these is dosed with alum at 
the venturi meters before entering a 
secondary coagulation chamber, where 
some mixing and coagulation is ob- 
tained in a pair of basins, operated in 
parallel. It is then applied to the fil- 
ters and after chlorination, flows to 
Raden and Bissell’s Point for storage 
in 20- and 54-mil gal reservoirs, re- 
spectively. Compton Hill reservoir 
provides 85-mil gal storage on the dis- 
tribution system in the area served. 

In the Howard Bend Plant, raw 
water is pumped to two 150-ft square 
presedimentation basins, equipped with 
clarifiers, for 2-hr sedimentation before 
dosing. Lime is added in a rapid-mix 
basin of the around-the-end type before 
entering the four tangential mixing 
chambers operating in parallel. Iron 
sulfate is dosed at the entrance to 
the tangential-mixing chambers. The 


mixed water enters two 150-ft square 
coagulation basins equipped with clari- 
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fiers. These basins operate in parallel 
and have a retention period of 2 hr. 
From these basins, the water flows to 
two final sedimentation basins oper- 
ated in parallel for 8.7 hr of final set- 
tling. After final settling, it passes to 
a recarbonation basin where, after re- 
carbonation, alum is dosed for second- 
ary coagulation before the water is ap- 
plied to the filters. A 5-mil gal clear 
well between the filters and the high- 
pressure pumps provides for flexibility 
in pumping to the 100-mil gal Stacy 
-ark reservoir on the distribution sys- 
tem for the area supplied by this plant. 

70. Tampa, Fla. The impounding 
dam washed out in 1933, and the water 
is now simply diverted. The original 
propeller-mixing equipment was re- 
moved in 1935. 

71. Toledo, Ohio, The old supply 
from the Maumee River was replaced 
by a supply from Lake Erie, and a new 
filter plant was built in 1942. Surface 
wash is of the fixed type over the filters. 

72. Toronto, Ont. The Island Fil- 
tration Plant has no regular mixing 
chambers or coagulation basins, but 
raw water is dosed at pump and is 
mixed in the pipes conveying it to fil- 
ters. The filters are of the “drifting- 
sand” type. The two main wash water 
gutters for each filter are in concentric 
circles connected radially by six lateral 
gutters equally spaced. Sand is con- 
tinually and slowly removed, washed, 
and returned. The outputs of the drift- 
ing-sand filters and slow-sand filters 
are mixed and pumped into the same 
mains. Raw-water turbidity averages 
6 ppm and pH averages 7.8. The Vic- 
tory Park plant was completed in 1941. 
Toronto has two storage reservoirs, 
one of 40- and one of 60-mil gal ca- 
pacity, on the distribution system. 
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73. Trenton, N.J. Sudden changes 
in character of the raw water are fre- 
quent—that is, turbidity may change 
from O-1,000 ppm in less than 1 hr. 
Flocculation equipment was added in 
one settling basin in 1940. 

74. Tulsa, Okla. Some preseditnen- 
tation is obtained in the 20-bil gal im- 
pounding reservoir at Spavinaw Lake, 
and some in the 500-mil gal Mohawk 
Lake plant. The raw water is aerated 
by injecting compressed air through 
porous plates in the bottom of the 
raw-water conduit. The filter under- 
drains are of seamless brass tubing 
with orifices pressed in to catch some 
impact of velocity. A 10-mil gal fil- 
tered-water storage reservoir floats on 
the distribution system. There are 
three mixing basins with two more 
under construction. Mixing is accom- 
plished by a tangential slot, the water 
entering the mixing basins through 
openings 7 ft high and 12 in. wide. 
There are two additional settling basins 
under construction, and 20 mgd of 
settled water passes through a 54-in. 
pipe and 4 mgd through a 24-in. pipe. 

75. Washingon, D.C. The data are 
reported by the Delecarlia filter plant. 
Some presedimentation is obtained in 
the 100-mil gal Delecarlia raw-water 
storage reservoir. Lime is added to 
raise the pH of the filtered water to 
prevent corrosion. The two mixing 
chambers may be operated in series 
or parallel. The longitudinal around- 
the-end baffles in the coagulation basins 
are slightly oblique. Wood-slot bot- 
toms in the filters were replaced with 
perforated-pipe underdrains in 1941- 
42. The full filtered-water reservoir 
throttles the filters. Four other reser- 


voirs are on the distribution system. 
A slow sand plant supplies the low- 
service areas of the city by gravity. 
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The plant was expanded in 1942 and 
in 1949-52. Some of the new filters 
have anthracite material 22-25 in. in 
depth. Four filters have Leopold bot- 
toms, eleven have porous-plate bottoms, 
and one has asbestos-cement lateral 
bottoms. Palmer surface sweeps were 
installed on 20 filters in 1943. A two- 
story floc-sedimentation basin was 
placed in operation in 1949. The six 
new anthracite material filters were 
placed in operation in 1952. A new 
30-mil gal filtered-water reservoir is 
under construction. 

76. Wichita, Kan. Turbidity of 20 
ppm is caused by iron after aeration. 
For coagulation, 0.2 gpg of copperas 
is added. This plant softens a new 
well supply developed in 1940. The 
average raw-water hardness is 160 
ppm; finished-water hardness is 120- 
130 ppm. 

77. Wilmington, Del. The im- 
pounded supply serves through two 
filter plants, one slow sand and one 
rapid sand type. Part of the raw- 
water supply passes through a 35-mil 
gal presedimentation reservoir and a 
12-mil gal slow sand plant, to a 6-mil 
gal filtered-water reservoir. The other 
part passes through the rapid sand 
plant. Four 2-mgd filter units were 
added to the rapid sand plant in 1939. 
The system includes a 40-mil gal fil- 
tered-water reservoir on the low-service 
distribution system and a 7.5-mil gal 
emergency reservoir on the high-serv- 
ice distribution system. A new filter 
plant is under construction. 

78. Windsor, Ont. Two filter units 
on opposite sides of the operating gal- 
lery are operated from the same table. 
The filter gravel is bonded together 
with cement grout. The two mixing 
chambers are baffled to give decreas- 
ing velocities. The length of travel 
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and velocity of mixing are those of 
the mixing chambers proper. The 
time of mixing includes time in pumps 
and conduits preceding these chambers. 
An additional 2.5-mil gal filtered-water 
reservoir was added in 1941. Two 
new filters were added in 1952 as well 
as surface wash by Palmer agitators. 
79. Youngstown, Ohio. This plant 
softens and clarifies the new Meander 
Creek supply. The old plant on Ma- 
honing River supply was abandoned in 
1932-35. In addition to the 1.1-mil gal 
clear well at the plant, the system in- 
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cludes standpipes of 3-mil gal capacity 
on the distribution system and a dis- 
tributing reservoir of 30-mil gal ca- 
pacity. Palmer surface wash mecha- 
nisms are used for washing filters. 
This plant is that of the Mahoning 
Valley Sanitary District and supplies 
water to both Niles and Youngstown, 
Ohio. 
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Key to Table 1 


(a) Also preliminary sedimentation 
(b) Also storage on distribution system 
(c) Impounded supply 


(d) Data given under any date is for the portion constructed in that year 


(e) Also has 48 pressure filters as follows: 


36 with capacity of 0.5 mgd and area of 175 


sq ft, and twelve with capacity of 0.25 mgd and area of 87 sq ft (Hyatt) 
(f) “Drifting-sand” filters with cemented gravel 


(g) Also around-the-end baffling 
(j) Also secondary coagulation after settling 


(k) Mixing also in 825-ft conduit for 11.6 min at 71 fpm velocity 


(m) No reservoir at filter plant; 39-mil gal 
reservoir on high-service system 

(n) Total population as of 1950 U.S. Census 

(o) Also recarbonation 

(p) Also aeration 

(r) Also has a slow sand plant in operation 

(s) Population connected as of 1952 


reservoir on low-service system; 12-mil gal 


(t) Split dose between settled and filtered water, with 0.5 grains per gallon (gpg) going 
to settled and 0.15 gpg going to filtered water 


(u) 10.55 in. with air, grid at top of gravel 


(v) Wash water troughs are common to two filters and main troughs lead to sewer 


Types of Strainer Systems 


A—Perforated brass plates over ridge and valley bottom 


B—Manifold with perforated pipe laterals 


C—Manifold with pipe laterals and brass strainers 


D—Wagner bottom 
E—Wooden slat grid 


F—Wheeler bottom 


G—Half-round cast-iron pipe raised } in. from floor leaving slot orifice between edge of 

pipe and floor 
H—Perforated false bottom slab with strainers 
I—Leopold bottom 


: 
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City 


Population supplied (1950). . 
Population supplied (1940). . 
Date of beginning operation 
Date of enlargement... .. 


Source of supply 


Average analysis of raw water: 
6a. Turbidity—ppm. 

6b. Alkalinity—ppm.. . 

6c. pH value Gre) 

6d. Color—ppm.. 

Mixing chamber: 

7a. Type of chemical feed 

. Alum added—gpg. 

7c. Lime added—gpg. 


7d. Mixing time at nominal capacity 
Ze. Velocity at nominal capacity 


7f. Length of travel—ft. 
7g. Type of baffling. . 
. Type of mixing. . 

7i. Head loss in mixing— ft. 
8. Sedimentation basins: 

8a. Number of basins. . 


8b. 
8c. Velocity at nominal sie 
. Method of baffling ; 

8e. Turbidity of settled water- 
8f. Basins open or covered 

&g. Length of one basin—/t. 

8h. Width of one basin—/t. 


8i. Depth of one basin—/t. 
8j. Total basin capacity—mil gal. 


~ppm. 


9. Settled-water conduits: 


9a. Velocity (filter influent main)—/ps. 


9b. Velocity (filter inlets)—/ps. 
Rate of filtration—mgd /acre. 


10b. Number of units. ..... 
10c. Size of units—mgd....... 
10d. Dimensions of sand bed—/t. 
10e. Depth of filter box—/t.. .. 
10f. Thickness of sand—in. 

10g. Effective size of sand—mm. 
10h. Uniformity coefficient of sand 
10i. Thickness of gravel—in. 

10j. Maximum size of gravel— 

10k. Minimum size of | 
101. Type of strainer system... . 
10m. Rate of wash (rise per min)—in. 


| 
} 


| 


min. 


Settling time at nominal capacity—hr. 
-fpm. 


| 


10n. Agitation of sand.... 

100. Height (top of sand to trough crest)—in. 
10p. Clear distance between troughs—/t. 
10q. Location of wash gullet 

10r. Wash water tank capacity—1,000 gal. 
10s. Tank bottom above sand surface—/t. 
10t. Percentage wash water (avg) 


11. Filtered-water reservoir: 


Ila. 
11b. 


Open or covered . . 
Capacity—m 


12. Nominal capacity of plant—mgd.. 


(1) 


Akron, Ohio 


Cuyahoga 
River 
(¢) 
11-12 
60-72 


7-8 
45-49 


dry & solution 


180 
around end 
baffles 


6 


2.0 
2.1 
around end 
6 


covered 
125.25 
54.33 


13 
4.5 


21 


surf. wash 


4.47 
center 
125 
32.25 
2.5-3.0 


covered 
33 (b) 
50 


* For explanation of letter symbols, see Key, p. 833. 


| 
| 
| 


Albany, N.Y. 


130,500 
1931 


Hannacroix & 
Basic Creek 


1,200 
around end 
baffles 
3.0 


3 
2.25 


} 1.5 
perf. brick wall 
0.5 


covered 
196 
50 


10-18 
3 


center 
252 

26.25 
2.5 


covered 
2 (b) 
32 


Allentown, Pa. 


103,000 
96,000 
1928 1953 


Little Lehigh River 


2 2 } 
2 4 
none none 
4-100 
open open 
110 
113 
16 18 
3.356 
10 20 
8 
1.25 2.5 | 


20.5 X 22 2@30 X 30! 2@ 12.37 


8 8 
20 30 
| 0.40-0.45 0.48-0.55 
1.57 1.31-1.46 
10 12 
1 2 | 
i | 
I 
surf. wash 
36 36 
5.08 6.0 
front center | 
80 250 
30.33 42.17 | 
(b) 
covered | 
40 | 
40 


Jul. 1956 


Characteristics sof atta mens Sand Filtration Plants in US and Canada, 1952* 


Atlanta, Ga. 


331,314 (n) 
302.500 
1887 
1923 
1938-40 
Chattahoochee 
River 


(e) 
25-4400 (avg 234) 
7-24 (avg 13.2) 


1,664 
around end 
baffles 
0.8-1.3 


4@2,2@4, & 
1@ 5 mil gal (a 
9.3 
0.7 
13 
open 
1 @ 400, 2 @ 417 
1@ 120,2@ 100 


1@24,.2@ 14 
21 


3.42 
1.48 
1923 fe) 1940 
125 
6 
3 5 
2@ 19.5 
x 42 44 
11 
24 27 
0.40 0.50 
1.65 1.6 
18 16 
B D 
30 
no 
24 
3.25 
center 
400 
27 
1.3 
covered 
10 
54 


Zz J 
(2) | (3) | (4) 
| 
244,000 9 
1915 3 
1912-22 | 4 
| f 
43 140 
7.6 7.4 6.9 
13 10 | 0 
7. 7 
| as dry dry dry 
1.90 1.5 0.8 0.59 
0.37 | 0 0 0.26 
| 2 20 0.3 23 
| 90 60 64 
| | mechanical flash mix 
1.5 | 
| 
| | 
| 
1.0 1.38 
2.25 1.0 
1 
125 125 
a 25 8 
2 4 
} 
| 2@ 12 x 29 2@ 15.25 | 
2@ 14 X 25 | X 46.5 
8.5 12.25 
30 30 
0.55 | 0.33 
1.29 1.75 
10 18 
2h 
| ts | ts 
| F | Cc 
24 
no 
21 27 
| 
| 


Jour. AWWA 


RAPID SAND FILTRATION 


(6) 


| Binghamton, 
| N.Y. 


98,000 
88.000 
1902 
1914 


Susquehanna 
River 


36 
none 
mechanical! 


none 
10 
covered 
88, 95, 121 
23.5, 16.5, 25 


10.5 
0.595 


125 


21 
12@ 0.9 
9 @ 0.92 
9 @ 321 sq ft 
12@15 X 21 
6.25 


9@ B, 
12 Norwood 
13.45 (u 
air 
16 
7.67 
center (v) 
none 


4.0 


covered 
| 0.6 (b) 


City Baltimore, Md. 
| Old New 
Plant Plant 
l. 1,162,665 
966,233 
3. 1915 1928 
4. 
5. Gunpowder River 
6. (e) 
6a. | 10-800 
6b. | 35 
6e. | 7.0 
6d. 5 
7a. solution 
7b. 0.5 0.8 
7c. 04 0.4 
7d. 36 30 
7e. 78 78 
7f. | 2,800 2.352 
7g. around end 
7h. baffles baffles 
7. | 3.3 3+ 
8. 
8a. 2 2 
8b. | 25 3.5 
8c. | 4.3 3.8 
8d. | around end 
fe. | 5 
Rf. open open 
8g. | 317 380+ 
Sh. 232 1@, 264+ 
1@ 250+) 
Si. | 125-17 154-184 
8). | 13.5 1@8 
1@ 8.6 
9. 
9a. 2.0 0.65 
9b. 1.97 1.97 
10. 
10a. | 125 125 
10b. 32 28 
10¢. 4 
10d. 2@ 13 26 54 
x 54 
10e. 9 
10f. 24 24 
10g. | 0.60+ 0.60-+ 
Wh. | 1.2+ 1.2+ 
10. | 14 18 
10). 3 3 
10k. | i 
101. A E 
10m 24+ 24+ 
10n. no no 
100. 24 30 
10p. 4.85 3.92 
10q. center side 
10r. | 248 242 
10s. | 22.5 22.5 
| 1.8 2.0 
11. 
lla covered open 
15 (b) 6.4, 19.4 
12. 128 112 


* For explanation of letter symbols, see Key, p. 833. 


} 19.25 
| 


Birmingham, Ala. 


| Shades Mountain Birmingham 
Filter Plant Station 
450,000 
375,000 
1872 1939 
1890-1910-1929 1947 
Cahaba River M. Forks 
Black Warrior 
(e) (e) 
23 17 
62 10 
7.6 7.3 


| 


solution & dry 
0.61 


0.36 


over & under 
raffle 
0.2-2.0 
1 
8(@ max. capac. 
distr. baffling 
5 
open 
450+ 
450+ 


12 
200 


0.5 1.0 


15-ft diam. 16 X 22 


9 
4-10 mesh 
ABFH 
24 
no 


24 


side & front 
200 
2.5 


covered 
3 


55 


solution & dry 


0.53 


tangential 


3 


6 
1 


4 


open 


3.06 


9-12 


20.25 X 17.25 


9 
4-10 mesh 
B 


24 
no 


24 


front 
156 


2.5 
covered 


0.25 
12 


TABLE 1 (contd.)—Filtration Plants, 1952* 


PLANTS 


Buffalo, 
N.Y. 


580,132 (n) 
575,150 
1926 


Lake Erie 


0-300 


pumps 
0 


2 


3.0 
1.7 
training walls 
covered 
304 
202 


24 
20 


4.0 
2.84 


125 
40 
4 


2@ 14 X 50 


24 


surf. wash 


4.25 
center 
240 
48 
2.5 


covered 
18 (b) 
160 


835 


9) 


Cambridge, 
Mass. 


120,740 (n) 
111,120 

1923 

1932 
Hobbs & Stony Br. 


& Fresh Pond Res. 
(e) 


20 
14 
none 
conduit 
0 


2 
1.6 
1.5 
perf. board 
4 
covered 


137 
48 


| 5) i | (7) | (8) 
| | 
| | ; 
att 
| a | 
| 
| 
43 — 3 : 
58 95 16 
7.5 8.0 6.90 
5 0 35 
0.6 0.2-0.9 1.4 a 
0.1 | 0 0 
5.5 0.8 1 
6 90 
75 
| 
3 
| | 
0.75 
| | 
; 
15 16 
2 2 1.33 
2 2 | |_| 1.33 
= 45-60 137 
| 
| 74 12 16 
1 | = 
| 4x20 
| 9 | 9 tee 
24 30 30 26 27 u 
0.62 0.4-0.5 0.4-0.5 0.45 0.51 vat) 
1.60 | 1.5 1.5 1.5 | 1.54 mi, 
18 18 18 16 9 
B F 
no 
= 24 | 24 
2.50 q 
front 
175 
0 
3.6 
| 
| | 24 
| 
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TABLE 1 (contd.)—Filtration Plants, 1952* 


| (10) | (11) (12) (13) 
( *hattanooga, Tenn. 
City ¢ ‘harlest on, on, Charlotte, 
BC. | N.C. Plant 1 Plant 2 
1. Population supplied (1950) . 120,000 104,000 | 143,000 | 203,000 
2. Population supplied (1940) 90,000 | 91,800 105,000 130,000 
3. Date of beginning operation | 1903 1906 1925 1887 1952 
4. Date of enlargement ...... 1945-46 | 1918-1948 | 1938-1947 1913-18- 
26-31-41 
5. Source of supply Edisto River Elk River | Catawba River Tennessee River 
& Goose | 
Creek | 
6. Average analysis of raw water: | (ce) 
6a. Turbidity—ppm 37 31 28 
6b. Alkalinity—ppm 13 | 24 15 53 
6c. pH value (avg) 6.7 6.6 7.5 7.4 
6d. Color—-ppm ; 104 0 88 4.0 
7. Mixing chamber: 
7a. Type of chemical feed... . dry dry dry solution 
7b. Alum added—gpg ; 0.6 0.57 0.95 
7c. Lime added—gpg none 0.1 none pre.: 0.41 post.: 0.08 
7d. Mixing time at nominal capacity—min 5.5 0.4 7 | 15 45 
7e. Velocity at nominal meeneed fpm 378 275 
7f. Length of travel—/ft.... 2,095 100 | 
7g. Type of baffling. . none hone none 
7h. Type of mixing low-service influent mechanical & 
pumps pipe air tangential 
7i. Head loss in mixing—ft pipe — <0.1 | 
only 
®. Sedimentation basins: | | 
8a. Number of basins 2 2 | 8 (twotypes) | 3 4 
8b. Settling time at nominal capacity—hr | . | 3.6 } 3.5 | 3.7 5.0 
8c. Velocity at nominal capacity—/pm | 0.5 | 0.5 | 0.4 | 0.8 
8d. Method of baffling..... wall | vert. slots none surface inlet slotted 
between | | | entrance 
8e. Turbidity of settled water—ppm 3 2.1 | 8 12 
8f. Basins open or covered open | open open | open open 
8g. Length of one basin—ft oval shape | 120 | 96.5 | 175 
8h. Width of one basin—/t. . oval shape | 58 58.5 or 28 | 2@ 75, 
} 1@ 120 
8i. Depth of one basin—ft. . . 1! 22 15-17 15 16 
8j. Total basin capacity—mil gal 10 3 3.75 | 2@ 1.3, 2.1 
1@ 2.3 
9a. Velocity (filter influent main)—/ps 4.73 4 0.14 } 3.1-7.2 
. Velocity (filter inlets)—/ps 1.97 1.3 0.22 1.4-2.8 0.8 
~ | 
Rate of filtration—mgd /acre. 104 96.8 } 125 125 
10b. Number of units........ 22 20 | 12 26 4 
10c. Size of units—mgd...... 1 0.66 | 6@ 1.33, } 20@ 1, 2.5 
| 6@ 2.74 6@ 2 
10d. Dimensions of sand bed—/t 18.5 X 20.67 | 10 XK 23 |} 6@20X12, | 6@32 x 22 
6@28X17 | 0@ X 22 
10e. Depth of filter box—/t... 7 7 9.25 17 
10f. Thickness of sand—in. 27 30 24 30 30 
10g. Effective size of sand—mm 0.417 0.37 | 0.45-0.55 0.42 0.45-0.55 
10h. Uniformity coefficient of sand 1.20 1.75 1.09-1.37 | 1.50 1.60 min 
10i. Thickness of gravel—in. 9.5 14 15 15 none 
10j. Maximum size of gravel—in. 1.25 2.5 | 1.0 1 
10k. Minimum size of gravel—in. 10 mesh | } 1.20 mm H 
101. Type of strainer system F | B F and I H in 20; — carborun- 
Bin6 dum plates 
10m. Rate of wash (rise per min)—in. 24 12 30 20-30 24 
10n. Agitation of sand. ... none | air surf. wash } no no 
100. Height (top of sand to trough crest )—in. 24 | 15 27 18-28 1 
10p. Clear distance between troughs—/t 3.25 3.75 5.3 3.17-5.83 3.25 
| 
10q. Location of wash gullet... . front none center 2U front, 
| 6 center 
10r. Wash water tank capacity—1,000 gal 136.8 none 137 212 300 
10s. Tank bottom above sand surface—ft 25 6 a) 
Fe Ay Percentage wash water (avg)... 1.0 2.1 | 1.18 1.69 1.69 
. Filtered-water reservoir: | 
lla. Open or covered. . ; open | covered covered open covered 
11b. Capacity—mil gal : : 2 0.6 (b) 12 1.3 1.82 
12, Nemiaal capacity of plant—med 22 198 | 24.6 32 10 


| 


* For explanation of letter symbols, see Key, p. 833. 


Ji 
! 
2 
3 
4 
§ 
1 
- | 


Jour. AWWA 


(14) 
City | Chicaso, 
— | 
1 1,400,000 | 
2. | not operating} 
3 | 1947 
4. 
5. Lake 
Michigan 
6. 
6a. 10 
6b. | 110 
6c. | 7.9 
6d 0 
7a. dry 
7b. 0.6 
7e. 0.2 
7d. 45 
Te. 
7f. 700 
7g. 
Th. mechanical 
7i. <0.1 
8, 
Ra. 3 
Rb. 3.6 
2+ 
8d. none 
Re. 2.6 
Sf. covered 
8g. | 500 
Sh. 138 
35 
49 
9 (o) 
9a 0.6 
9b 1.5 
10 
10a. 125 
10b. 
10c. | 4 
10d. | 25.8 & 53.9 
10e. 13.0 
10f. 24.5 
10g. 0.65 
10h. 1.40 
10i. 21 
10). 1.54 
10k. ts 
101. 
10m. 20.8-28.8 
10n. | surf. wash 
100. 24 
10p. 3.33 
10q. | side 
10r. 300 
10s. 60 
10t. 1.75 
Il. 
lla covered 
lib 46 
i2. | 320 


15) 


Cincinnati, 
hio 


615,880 
552,000 
1907 
1935-37 


Ohio River 


hydraulic- 
jump 


to ete 


0.42-0.44 
1.60 


18 
1.5-2.5 


torpedo 
B 


24 


27 
14@ 5.58 
26 @ 6.17 

center 


843 


35.6 
1.8 


covered 


28 
160 


RAPID SAND FILTRATION 


| 


1%) 


Cleveland, Ohio 


Division 
lant 


Baldwin 
Plant 


914,808 (n) 
1,209,000 


1918 


solution 
0.5-2.5 


over & under over & under 


g) 
baffles 


04 


2.2 
covered 
227.5 


142 
16.92-17.25 
21 


| covered 


19.6 (b) 
| 150 


1925 


Lake Erie 


solution 
0.5-2.5 
0 


1 
600-700 
30 & 325 


hydr.-jump 


2.4 


2.4 
none 


1.7 
covered 


9.25-18.5 
32.8 


center 

2@ 212 
44.1 
2.03 

covered 


20 (b) 
165 


| 


| Clifton, N.J. 
352,000 
340,000 

| 1902 

1917 


| mechanical 
| none 


| 
front 
| 2.5 
| covered 


3.25 
42 


PLANTS 


TABLE 1 (contd.)—Filtration Plants, 1952* 


(18) 


Columbia, 
8.C. 


87,500 

1906 
1916-45 | 


150 | 
over & under 


baffles 


4 
| 0.75 


| none 


open 
150 
33 


10 
1.485 


6 
30 
0.38-0.45 
1.3-1.5 
18 
2 
0.25 
F, 12@B 
| 23 
no 


24 


* For explanation of letter symbols, see Key, p. 833. 


| 
| 


(19) 


Columbus, 
Ga. 


79,510 
53,280 
1914 
1947 


7.2 
none 


300 
over & under 


baffles 


over & under 
2 
open 
152 
53 


20 
3.25 


1 covered 
2 open 


18 


837 


(20) 


Columbus, 
Ohio 


| 375,901 (n) 
315,000 


solution 
1.9 
9.2 Ca(OH)» 
60 


2,130 
over & under 


mech. & baffles 
| 3.3@ 30 med 


| 6 

| 6.67 

| 2.5 

| around end 


1 
open 
200 
100 


18% 20 | 12.25 21.25 | 2@ 11.5 x 47 


center 
104 
20.17 
1.0 
covered 


16 (b) 
54 


| 
| | 
| 1923 
| | Scioto River 
(c) 
75 13.8 9.8 | 6 100 30 70 
42 93 93 35 19 14 152 
7.4 8.1 8.2 7.0 7.0 8.0 

0 0 | 5 21 2 
dry dry dry | dry ¢, 
0.76 0 8.5 0 0.4 

60 39 3 10 30 ef 
| | 
| = = | 2 | 1 : 
4 | 
2.8 3.6 
| around end } 
| 
2 2 
open | | open | 
500 693 330 | 
175 110.25 51 
20 21 | | 20 , 
} | (o) 
2 2.2 2.17 1.97 } 2.9 2.0 
2.94 2.04 1.97 2+ 1.1 0.65 
125 125 125 | 125 125 125 : 
40 36 40 42 18 12 } 18 4 : 
4 4.16 4.16 | 1 1 1.5 3 
32.750 | 2@14X50 2@ 15 
10.3 | 13.58 13.50 8.9 10 | 11 
27 | 24-27 25.5 | 30 28 24 
| 0.48 0.38 0.45-0.55 0.45 0.55 

1.50 1.70 1.46 1.6 1.60 
] 22-25 22 18 12 18 

1.5 15 | 0.75 1.5 2.5 

ea 

B B ¥ A, 8@B 
= 24-29 24-36 40 24 

no no no j no 

26-30 30 28 24 
6.0 4.93 5.08 6.0 
center center 
460 125 | 150 
| 35 28 
2.49 = 1.25 
5,25 
| 


838 


TABLE 


Population (1950) 
Population supplied (1940) 
Date of beginning operation | 
Date of enlargement 


. Souce of supply . . 


Average analysis of raw water: 


ex. 


1937-42-49 


6a. Turbidity—ppm 
6b. Alkalinity—ppm | 156 
6c. pH value (avg) 7.5 
6d. Color—ppm........ 
7. Mixing chamber: | 
7a. Type of chemical feed dry 
7b. Alum added—gpg.. . . 2.98 
7c. Lime added—gpg. | 3.77 
7d. Mixing time at nominal capacity—min. | 15 
7e. Velocity at nominal capacity—/pm. 25 
7f. Length of travel—/t... 37.5 
7g. Type of baffling over & under 
Th. Type of mixing... baffles 
7i. Head loss in mixing—/t. 0.5 
8. Sedimentation basins: 
8a. Number of basins. . . : | 4 
8b. Settling time at nominal capacity—Ar.. | 4-10 
8c. Velocity at nominal capacity—/pm. 0.66 
8d. Method of baffling... over & under 
8e. Turbidity of settled water—ppm. 8 
8f. Basins open or covered open 
8g. Length of one basin—/t. 400 
8h. Width of one basin—ft. 100 
8i. Depth of one basin—/t. . 16 
8}. Total basin capacity—mil gal. 18 
9. Settled-water conduits: 
9a. Velocity (filter influent main)—/ps. 3.0 
9b. Velocity (filter inlets)—fps. 1.5 
Rate of filtration—mgd /acre. 63 156 
106, Number of units......... | 18 6 
10c. Size of units—mgd......... 2.5 
10d. Dimensions of sand bed—ft. 17 
x 21.5 
10e. Depth of filter box—ft........ 9 
10f. Thickness of sand—in........ 30 
10g. Effective size of sand—mm. 0.35-0.45 
10h. Uniformity coefficient of sand 1.50-1.70 
10i. Thickness of gravel—in. 18 
10j. Maximum size of gravel—in.. 2.5 
10k. Minimum size of gravel—in. ; 
101. Type of strainer system : | B&C 
10m. Rate of wash (rise per min)—in. 24-30 
10n. Agitation of sand. | no 
100. Height (top of sand to trough ‘crest )—in.| 18 
10p. Clear distance between troughs—/t. 5.4 
10q. Location of wash gullet front & center 
10r. Wash water tank capacity—1,000 gal.. .| 140 
10s. Tank bottom above sand surface—/t... .| 26.5 
10t. Percentage wash water (avg). | 2.22 
11. Filtered-water reservoir: | 
lla. Open or covered............ covered 
11b. Capacity—mil gal... | 39.25 
mod. J 33 


12. Nominal capacity of plant— 


(22) 


434, 462 (n 
360,000 
1930 
1936-40 


4 


Trinity 
iver 


| dry 


| 150 
| 1800 
jaround end 
baffles 

1.5 

4 

8 

1.1 


none 


5-25 


| 


2 


30 X 30/2@ 13 X28 


center 
0 


1.5 
covered 


5 (b) 


| 
| 
| 


| 


| 


| 
| 


KENNETH W. COSENS 
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1 (contd.)—Filtration Plants, 1952* 


| 


3) 


Denver, Colo. (r) 


Marston 
Lake 


Plant 


Moffet 
Plant 


415,786 (n) 
370,000 


1925 


South 
Platte 
River 


0.05-0.50 
20 
20 
400 
around 
end 
baffles 


0.5 
1.0 
12.0 
none 
3-45 
open 


174.33 
166.67 


23 
xé 


covered covered | covered | covered 


6 
64 


1937 


Head- 
water of 
Colorado 

River 


10-52 


none 


conduit 
velocity 


3 


4.8 
1.2 
around 
end 
5 
covered 


2.8 

2.4 

150 
10 
5 


2@ 19 


center 
230 


40 
1.44 


10 
50 


| Moines, 


lowa 


194,523 | 
168.281 
1949 


1.02 
243 
7.31 


56 
over & 
under 


Jul. 1956 


(25) 


Detroit, Mich. 


Water Spring- 
Works wells 
Pk. Plant Plant 
1,849,568 (n) 
1,900,000 
1923 1931 
1928 


Detroit River 


5-500 (avg 22) 
83 


8.1 
0 
dry dry 
0.74 0.6 
0 0 
3 17 
80 60 
240 1020 


around around end 
end 


mechanical| baffles & mechanical 


0.13 


covered 
196 


96 


12.4-15.3 
8 


5.6 
3.0 


2@ 19 


central | 
130 | 

| is 


10 
48 


* For explanation of letter symbols, see Key, p. 833. 


pumps & baffles 
I+ 
2 4 
2.0 2.25 
4.2 2.5 
around slotted 
end entrance 
11 10-15 
covered covered 
505 338.83 
240 135.5 
16 18 
29 25 
3.8 0.9 
1.97 0.88 
160 160 
80 68 
4 4 
| 32 X 34 27 X 40.33 
| 10.5 il 
30 20 
0.45 0.54 
1.60 1.52 
17 18 
2 3 
ts 
B 
26-30 30-36 
no no 
30 40 
5.82 4.44 
front front 
140 95 
29 35.5 
2.0 1.3 
covered 
55 (b) 40 (b) 
320 27 


| (21) = I P| | (24) = 
| 
1. 125,000 
60.000 
1890+ 
4. 1917-25-35 
5 | 
| 
| () | 
180 240 | 
130 60-85 20-43 
81 | 81 7.585 | 
0 5-8 0 
(p) | 
dry dry dry 
| O.1-1.0 0.6-1.3 0.69 
0.22 | 13.5 
7.5 35 
8 1.6 
100 
> 
2 
over & 
under 
2.1 
open 
148 | 
2@ 407 
2@ 148 | 90 = 
2@ 166 
18 13.42 14.33 
16 2.0 10 | | 
2.9 2.0 
120 156 | 188 
24 14 8 
4.5+ | 6 
| 36.67 | 
10.75 11.75 10 9.3 
30 48 (coal) 27 | 23 
0.40-0.45 0.62 0.48 | 0.35-0.45 
1.60 1.78 1.41 | 1.25-1.50 
2.5 0.75 25 | 1.5-2.5 
H | 1/20 | 
| B B | B : 
2 «| «(85 27 | 
no | air no (| surf. wa 
24 } 48 27 
5.0 | 2.92 
side 
- 
| 48 
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RAPID SAND FILTRATION PLANTS 


TABLE 1 (contd.)—Filtration Plants, 1952* 


839 


(27) (28) (29) (30) (31) 
Erie, Pa. 
City E! Paso, Tex. Chestnut St. Evansville, Ind.| Flint, Mich. 
PL West Plant 
lant 
1. 148,861 130,485 (n) 150,000 150,000 q 163,143 (n) : 133,607 (n) 
2. 91,723 124,000 100,000 155,000 118,000 
3. 1912 1943 1914 1932 1913 1913 1933 
4. 1948 1949 1925 1951 1928-38-48 1918-24-39 
5. North Lake Erie Ohio River Flint River St. Joseph 
Saskatchewan River 
River 
6. (c) 
6a. 15-1800 250 1-90 1-90 110 30 77 
6b. 80-260 200 92 92 | 67 220 209 
6c. 8.1 8.3 7.6 7.6 7.3 8.0 7.7 
6d. 3-360 10— 10— 2 49 40 
7. (p) (p) 
7a. dry dry dry dry dry dry dry 
7b. 1.50 0.6-1.0 0.4 04 1.19 1.1 0.47 
7c. 7.75 63 0 0 0.59 12.8 13.2 
7d. 34 60 10 40 10 | 2 rapid-60 slow | 5 rapid-60 slow 
Te. 7 6.5 36 30 | 36 170 rapid—54 slow 
7f. 65 40 
7g. over & under over & under none around end over & under 
Th. mechanical mechanical baffles mechanical baffles air & baffles mechanical 
7i. 0.7 03 13 0 1.0 0.7 0 
8. 
Sa. 2 clarifiers | 4 2 2 5 3 2 
1 settling (0) (j)) 
8b. | 8.5 3-3.5 2.5 6 4 6.0 + 
Se. | 1 1.2 1 3.0 2@ 2-3,1@ 3-4 
8d. over & under Sacramento around end none vertical boards around end walls 
Re. | 15 10-15 1-20 1-20 12 10-15 
8f. open open covered covered covered covered covered 
8g. | 115C-2708 105.5 & 148 182 164 80 2@ 175, 1@ 220 84 
Sh. | 115C-1148 67 & 93.75 51 78 60 2@ 100, 1@ 140 S4 
si. | 17 12 & 15 24 22 27+ 2@14.5, 1@13.5 12 
8j. 7.8 3.33 4.0 5 7 3.6 
9. (o) (o) 
9a. 2.31 0.6 1.0-3.0 1.22 
9b. 1.54 1.5 2.0 
10. 
10a. | 124 200 125 125 125-130 125 125 
10b. 4 6 16 14 4 28 10 
10c. 4.5 3.3 2 2 12@ 1, 8@ 1.5, 1 2.5 
4@;: 
10d. 2@ 18 K 44 2@ 12 X 24 712.5 sq ft 712.5 sq ft |21 X 25, 16 X 21 16 X 22.5 28 X 24 
10e. 9.67 6.33 | 10 10 8.5, 8.28 7 14 
10f. 30 30 27 27 33 27 24 
10g. 0.35-0.55 | 0.50 0.40 0.45 0.45 0.45-0.50 0.45 
10h. 1.65 1.65 k @ 1.6 1.35 1.3-1.4 1.2 
10i. 12 14 12@ 6,4@ 18 14 9 12 16 
10j. | 1.0 1.0 2.5 2 2 
10k. 10 mesh mes! 
101 F Hin4;lin12 Hin8; F in6 Cc 
10m. 21 30 12-15 12-15 24 16 24-40 
10n. no no surf. wash surf. wash no no no 
100. 7 9 33 33 25 16 24 
10p. 4.58 4.42 5.5 5.5 4.0 & 4.5 3.17 5.0 
10q. center center center center front front front 
10r. no 250 113 110 75 | 100 
10s. 42 7 38.67 8 34.5 39 
10t 1.3 1.0 1.75 1.75 2.8 | 2.0 1.64 
11. 
Ila. 2 open covered covered covered covered covered covered 
2 covered 
11b. 4.8 (b) 1.1 1 (b) 0.875 (b) 1@ 1.8, 1@ 20 10 (b) 20 
12. 18 20 32 28 28 28 25 


* For explanation of letter symbols, see Key, p. 833. 
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TABLE 1 (contd.) 


KENNETH 


W. COSENS 


-Filtration Plants, 


1952* 


City 


. Population supplied (1950) 
2 Population supplied (1940) 
3. Date of beginning operation 
4. Date of enlargement 
5. Source of supply 


Average analysis of raw water: 
6a. Turbidity—ppm. 
6b. Alkalinity—ppm. 
6c. pH value (avg) 
6d. Color—ppm.. . 
. Mixing chamber: 
7a. Type of chemical feed 
. Alum added—gpg. 
. Lime added—gpg. 
7d. Mixing time at nominal capacity 


7e. Velocity at nominal capacity 
7f. Length of travel—/t. 
. Type of baffling... . 
7h. Type of mixing 
Head loss in mixing—/t. 
4 ‘Bedimentatice basins: 

8a. Number of basins 

8b. Settling time at nominal capacity 


. Velocity nominal capacity 

. Method of baffling 

. Turbidity of settled water 

. Basins open or covered 

8g. Length of one basin—/t. 

. Width of one basin—/t. 
Depth of one basin—/t. 


ppm. 


Total basin capacity—mil gal. 

9. -water conduits: 

9a. Velocity (filter influent main) 

9b. Velocity (filter jnlets)—fps. 
0. Filters: 

10a. Rate of filtration—mgd /acre 

10b. Number of units 
Size of units—mgd. 
Dimensions of sand bed 


Depth of filter box—/t. 
Thickness of sand—in. 
Effective size of sand—mm. 
Uniformity coefficient of sand 
Thickness of gravel—in. 
Maximum size of gravel—in. 
10k. Minimum size of gravel—in. 
Type of strainer system 
. Rate of wash (rise per min)- 
Agitation of sand 


fps 


ft. 


. Clear distance between troughs 
. Location of wash gullet 
Wash water tank capacity—/,000 
Tank bottom above sand surface 
Percentage wash water (avg) 
Filtered-water reservoir: 
Open or covered... .. 
11b. Capacity—mil gal. 
12. Nominal capacity of plant—mgd. 


fpm. 


fpm. 


Height (top of sand to trough crest) 
ft. 


min. 


hr. 


in 


gal. 
ft. 


1 
1918-23-32-45-52 
Lake Worth 


21 
128 
8.23 
<5 


dry 
0.76 
0.28 
35.3 


dry 

0.76 

0.28 
37.8-50.7 


23.6 
1196 
around end 
mechanical 


around end 
baffles & 


mechanical | 


4 
3 4 
7.8 4.67 4.11 
1.43 0.97 2.0 
around end 
3 


1&2) 


0.96 
wall 


16 
2.00 
2@ 13 
X18 

9.0 


12 4 
2.00 2.00 
2@13.2  2@i3.2 
X27.7 
8.5 


12 
1.25 
2@9 
X25 

7 8.5 


0.46 
1.60 


0.447 
1.54 


‘ 
0.455 
1.67 


0.37 
1,86 


1.5 


19-22 22-24 
24 


covered | 
10.742 
79.0 


(33 
Gary, Ind. 


133,911 
111,719 
1910+ 
1952+ 
Lake Michigan 
@36 @54 
mgd med 


0.09-+ 
26.5 


mechanical 


9 


4.65 


2 story 
3.1 | 


0.92 1 
none 


38 
covered 


top 13. 4 
bottom 15.2 


| 
| 


6 
2@ 17.5 X 60.0 | 
| 
10.0 


22 
0.50-0.60 


covered 


36 54 


A in 


* For explanation of letter symbols, see Key, p. 833. 


(34) 


Grand Rapids, 


Mich. 


176,515 (n) 
164,000 
1912 
1924-30-40 
Lake 
Michigan 


9 
100 
8.0 

0 


solution 


3000 
around end 
baffles 


1.0 
4 


2.5 
1.6 
around end 


covered 
8.5 (b) 
40 


Jul. 1956 


| 


Hamilton, 
| Ont. 
200,000 
155,000 
1933 


Lake 
Ontario 


6 

95 
| 7.5-8.5 
| 0 


dry 
0.5 


| 1 rapid, 
30 slow 
60 
60 
none 
mec hanica! 


0 
2 
3 
1.2 
none 
2-20 
covered 


| 264 


| center 
| 202 
32.5 
2 
covered 
2 


48 


j 
(32) | = || 
| 
177,662 
| 
130 
J 7.8 
| | 
in 
0 | 
| 30 
3 
4.45 
open open | both 
130 111 308 255.3 } 118.75 
85 67.5 171 75 197 95 88.5 | i 
15.8 17.25 13.5 14.5 
6.802 7.413 4 6 
a 3.94 2.5 1.3 
: 1.80 2.2 | 15 
1 
120 125 186 | 118 | 120 
| f | 20 12 
2 4 
20.5 X42 | 32x 45 
20.5 X 36 | 
8 | 10 
30 | 30 
0.5 | 0.44 
18 8 24 15 | 20 
| = 1 1.5-2.5 2.5 | 25 
; i B ME 15, Din 5 
= 22-24 23 28-38 
no surf. wash | no no 
T _ 36 27 15 | 42 
5.0 4.92 4.83 5.0 4.0 5.0 
center center side | 
203.73 300 200 
19.0 59.75 22 
1.44 | 15 
# 


56 


Jour. AW WA 


| | 
| (36) 
sey | Hammond, | 
City nd. 
1. | 110,000 
2. 80,000 
3. 1936 
4. 
5. | Lake 
Michigan 
6. 
6a. 20 
6b. 135-145 
6e. 7.2-7.6 
6d. 
7a. dry 
7b. 0.5 
7c. 
7d. 40 
7e. 
7f. 100 
7g. | over & under 
Th. mechanical 
7i. 0.2 
8. 
Ra. 2 
8b. q 
8c. 
8d. none | 
Se. 
8f. open | 
Rg. 120 
8h. 100 
8 20 
8) 3.6 
9. 
9a. 
9b. | 
10. | 
10a. | 125 
10b. 8 
| 
10d. 21 X 42 
| 
10e. | 10 
10f. | 30 
10g. | 0.50 | 
10h. | 1.55 | 
10i. 18 
2 
10k. 
101 
10m. 30 
10n. surf. wash | 
100. 
10p. 5.0 
10q. side 
10r. 100 
10s. 7 
10t. 2.2 
Il. 
Ila. covered 
I1b. 5 
12. 


RAPID SAND FILTRATION 


PLANTS 


TABLE 1 (contd.)—Filtration Plants, 1952* 


1941 
1949 
Fall Creek 


Kansas City, Kan. 


485,000 129,553 (n) 
380,000 121,000 
1926 1951 1909 
19 | 1912-27 
White River Missouri River 
mgd 36 mgd 
| 
33 33 100-20,000 
244 244 143 
8.04 8.04 8.2 
27 27 26 
dry dry solution 
1.75 1.75 1.12 
0 0 0.49 
40 40 | 10 
1.5 7.5 65 
60 300 | 
floctrol floctrol | around end 
bot both baffles 
| 0.4 
1 2 3 (a) 
2.3 2.0 | 33 
2.5 
none 
1.0— 1.0-— 22 
open covered | open 
240 311 | 201 
80 97 304 
8.5-13 12.3 21-25 
1.2 5.6 34 
1.2 0.8 3.0 
0.8 1.9 1.0 
(d) (d) 
12 36 1912 125 1927 
6 6 9 
2 6 | 1.37 2.74 
34.75 X 29.75 2@ 57.8 16 X 30 2@ 16 
X< 36.0 30 
9.1 11.0 10.83 10.83 
28 25 26 24 
0.40 0.45 0.39 0.43 
1.42 1.40 1.62 1.51 
24 19 14 18 
1.5 2.5 
i 
28-30 28-30 24 24 
surf. wash surf. wash no no 
24 24 27 24 
3.75 4.50 .79 4.79 
center center side center 
100 
40 
2.0 2.0 2.0 
covered covered covered 
1 (b) 
12 36 26 


* For explanation of letter symbols, see Key, p. 833. 


39) 
| 


Kansas City, 
Mo. 


456,622 (n) 
| 400,000 
| 1928 


Missouri River 


100-20,000 


solution 
1.20 


0.57 
30 


3.5 


5 (a) 
12.5 


0.6 
none 
33 

| open 


| 3@ 309, 2@ 254 


52 


4 
2@ 14 X 50 


=) 


4.33 
center 
150 


22 
1.37 


covered 


3 (b) 
96 


| 3@ 333, 2@ 259 


| 


| 


841 


(40) 
Knoxville, 
enn. 


126 


none 
mech. 


1.5 


covered 
1.25 (b) 
25 


(sn 
Indianapolis, Ind. | | } 
122,500 
165,000 
1927 
1945-51 
Tennessee 
River 
26 | 29 
200 159 | 67 oe 
7.77 8.0 7.8 
18 | 13 | 
dry | dry 
1.12 1.47 
0 0.70 
40 20 “ng 
1.5 | 
P 60 | | 
octrol 
both || 
= = 
2.0 
0.4 
diffuser 
14 3.2 
covered open 
192 175 ; 
16 92-189 
15 17 25 i 
28 = 5 
1.6 2.5 0.6 
1.3 | 2.84 3 
| 
32 125 125 
12 24 10 
2.67 2.5 
2@ 14.5 13.08 33.5 
x 30.5 
11.50 | 10 
27 27 30 
0.45 0.42 0.45 
1.40 1.55 1.6 
19 18 24 
1.5 | 2 
28-30 24 30 
surf. wash no | no 
24 24 26 
4.7 5.2 
center center 
0.150 150 
51 
2.0 1.72 
7.5 
32 | |_| | 


KENNETH W. 


TABLE 1 (contd.) 


COSENS 


-Filtration Plants, 1952* 


Jul. 1956 


(41) 42) (43) (44) 
Little Rock, | Los Angeles, | Memphis, 
City peg Calif. Louisville, Ky. | Ten, 
1. Population supplied (1950) 160,000 3,352,000 | 450,000 400,000 
2. Population supplied (1940) 125,000 2,028,000 | 400,000 | 
3. Date of beginning operation 1938 1941 1909 1953 
4. Date of enlargement 1948 1948-49 1914 1928 1945 
5. Source of supply... Lower Ohio River artesian wells 
Colorado | 
River | 
. Average analysis of raw water: (o) } 
6a. Turbidity—ppm. 10 0.2-10.8 5-5000 (avg 185) 0 
6b. Alkalinity—ppm. 8 116 55 
6c. pH value (avg) 6.9 8.4 6.7-8.0 
6d. Color—ppm. 35 0 0 
7. Mixing chamber: 
7a. Type of ae feed dry both dry none 
7b. Alum added— 0.4 0.6 0.65 
7c. Lime added a none 3.0 
| softening) 
7d. Mixing time at nominal capacity—min. | 0.4 rapid, | 
| 30 slow 
Velocity at nominal capacity—/fpm. | rapid, floeculating equip 
) slow 
7f. Length of travel—ft. | ‘ 30 rapid, 60 
00-500 slow 
7g. Type of baffling. around end wood curtain 
7h. Type of mixing mechanical mechanical mechanical 
| 
7i. Head loss in mixing—/t. | 0 
8. Sedimentation basins: | | 
8a. Number of basins 2 4 | 6 (a) none 
8b. Settling time at nominal capacity—hr. 6 2 | 4-5 
8c. Velocity at nominal capacity—/pm. | 0.5-1.05 1.2 
8d. Method of baffling none none | none } 
Se. Turbidity of settled water— 5 5-2 
8f. Basins open or covere open open open 
8g. Length of one basin—/t’ | 200 | 340 
8h. Width of one basin—/t. | 200 40 
é Depth of one basin—ft. 14-17 20 | 
Total basin capacity—mil gal. 4.0 18.6 12 
water conduits: 
a Velocity (filter influent main)—/ps. 1.93 } 1.2 
9b. Velocity (filter inlets)—fps | 15 | 2.3 
10. Filters: } 1909 (d) * (d) 1928 (d) 
10a. Rate of filtration—mogd /acre. 188 36 120 
10b. Number of a, 8@2, 14@} | 24 : 2 8 10 
10c. Size of units—mgd. | 8.3 3 6 3 
10d. Dimensions of sand bed—/ft. 13.3 | 42 x 50 X47 42 50 | 2@ 12 32 
72.5 
10e. Depth of filter box—ft. x0 | 10 10 10 6.96 
10f. Thickness of sand—in. 30 24 | 30 26 30 24 
10g. Effective size of sand—mm. 0.45 0.45-0.50 | 0.50 0.45 0.55 0.50 
10h. Uniformity coefficient of sand 1.6 1.65 i} 1.3 1.3 1.35 <17 
101. Thickness of gravel—in. 18 24 24 14 4 «| 10 
10}. Maximum size of gravel—in 15 2.5 | 3 1.5 2 <3 
10k. Minimum size of gravel—in. } } ts ts ts 8 mesh 
101. Type of strainer system 4@ B 4@ 1, B B B B I 
M4@H 
10m. Rate of wash (rise per min)—in. 20-30 | 35 24 24 24 30 
10n. Agitation of sand | surf. wash surf. wash none 
100. Height (top of sand to trough crest)—in. 24 & 36 30 26 26 28 30 
10p. Clear distance between troughs—/t. 4.0 5.0 5.0 5.17 6.5 3.5 
10q. Location of wash gullet , center center center front center | center 
10r. Wash water tank capacity—1,000 gal. 150 1000 |} 125 125 300 | 100 
10s. Tank bottom above sand surface—/t. 65 40 |} 45 45 45 33.79 
10t. Percentage wash water (avg) 1.9 1 2.0 2.0 2.0 
11. Filtered-water reservoir: 
lla. Open or covered covered open covered covered 
1b. Capacity—mil gal. 11.0 0 20 (b) 43 
12. Nominal capacity of plant—mgd. 23.0 200 36 72 120 30 


* For explanation of letter symbols, see Key, p. 833. 
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RAPID SAND FILTRATION 


TABLE 1 (contd.) 


j 


PLANTS 


Filtration Plants, 1952* 


843 


(45) (46) (47) (48) 49) 
City Miami, Fla. Minneapolis, Minn, | 
— Milwaukee, ——— — Montreal, 
Hialeah Plant Southwest vis. Softening Columbia Hts. Findley | Mobile, Ala. e. 
: Supply nt Filter Plant Filter Plant | 
345, 398 637,392 (n) 521,718 150; 000 1,395,400 (n) 
2. = 215; 651,000 492,000 | 120,000 1,400,000 
3. 1925 1951 1939 1941 1913 1927 1944 1918 
4. 1936-47 | | 1914-20-52 -53 1928-52 | 1927-30-36 
5. wells Lake Mississippi River Big Creek | St. Lawrence 
| Michigan Lake & Ottawa 
| | (Apr. 1952) River 
6. | 
6a. nil nil 2 | 10.3 10.3 103 | <10 15 
6b. 225 200 | 10 142 142 142 | 65 
6e. 7.3 7.4 8.1 } 7.94 7.94 7.94 65 7.5 
fid. 70 3 0 | 61.8 61.8 61.8 | 50-90 18 
7a. dry dry dry dry dry dry dry 
7b. 0 0 0.5 1.10 1.67 1.89 1.2 
7¢ 11 92 0.11 7.02 | 0.2 | 
7d. 4 mix, 20 floc. center column | 4 mix, 60 slow 1 3 6 | 2 | z 
| 
Te. 55 of upflow 70 | 50 49 2 
| = 
7f. 110 clarifier 74 50 120 mg | 
7g. | over & under blanket | over & under 3 
clarifier | = 
Th. | mech. conduit & baffles = 
mech. 
7i. 3.5 0 | 0.5 0.75 0.75 0.75 | 
8. | 
8a 3 4 2 | 12 units 6 4 4 
&b 1.8 4 1.5 2.4 4.6 6 
8c. | 0.5 2.32 | 1 3.5 0.54 tT 
8d. none | around end around end perf. wall ca 
Be 5-15 Ll | 0.6 | 26 1.0 
8f open open covered | open covered covered | open = 
Sg | 2@ 109 x 109 300 85.87 diam. 4@ 131.5, 192.5 | 196.5 5 
2@ 120.8 = 
Sh. | 1@ 125 dia. 69 dia. 297 85.87 diam. 2@ 193.3 70.75 4 
4@ 95.67 ? 
Si. 17 18 27 23.67 16 16 12.25 S 
8). 4.5 2 i 120 med. 7.8 15.6 5 | ° 
9. | (0) (0) } 7 
9a. | 4 2.5 1.37 | 3.0 1.4 1.45 | i 
9b. 4.2 2.5 2.3 1.96 | | 28 
10. 
10a. 187 187 125 125 125 | 136 
10b. | 16 s 32 24 20 10 48 
10¢. 3.75 5 .25 3.25 4 2 | 3.75 
10d. | 2@ 10 X 43.75 24 & 48 | 2@ 19 X 57 2@115%5 35 40 17 X 41 2@ 12 X 50 
10e. 11 11 10 10 10 
10f. 30 24 27 30 0 
10g. 0.45 0.50 0.51 | 035-044 0405 | 
10h. 1.45 1.70 1.32 | -65 1.55 | 
10i. |34 on B, 12 on F 12 24 17 18 
10). | 1} 0n B,1en F 1 2.5 3 2.5-2.75 
10k. 10 mesh 6 mesh 
10. 8 on B, 8 on F | D A 
10m. 26 36 24 18 18-24 | 
10n. surf. wash surf. wash surf. wash no no 
100. 25 31 27 24 25 
10p. 5 5 | 7.125 5 
10q. center side center center front | 
10r 00 186 750 | 125 132 | 
10s. 22 34 53 35 36 } 
10t. 1.1 2.2 | 1.58 1.40 
Il. | | 
lla. | covered covered covered covered 
lib. 3 (b) (b) 30 5 F105 +18 
12 60 40 200 120 
| | 


* For explanation of letter symbols, see Key, p. 833. 
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TABLE 


City 


2: 
3. 


4. 
5. 


6. 


9. 


‘Pepelation (1950) 

Population supplied (1940) 

Date of beginning operation 
Date of enlargement 

Source of supply 


Average analysis of raw water: 
6a. Turbidity—ppm. 

6b. Alkalinity—ppm. 

6c. pH value (avg) 

6d. Color—ppm. 


7. Mixing chamber: 


7a. Type of chemical feed 
7b. Alum added—gpg. 
7c. Lime added—gpg. 


7d. Mixing time at nominal capacity—min. 
7e. Velocity at nominal capacity—/pm. 
7f. Length of travel 

7g. Type of baffling 

7h. Type of mixing 

7i. Head loss in mixing—/t. 
. Sedimentation basins: 

8a. Number of basins 

8b. time at nominal capacity—hr. 
Velocity at nominal capacity—/fpm. 
8d. Method of baffling 

Se. Turbidity of settled water—ppm. 
8f. Basins open or covered 

8g. Length of one basin—/t. 

8h. Width of one basin—/t. 

8i. Depth of one basin—ft. 

8j. Total basin capacity—mil gal. 
Settled. water conduits: 

9a. Velocity (filter influent main)—/ps. 
9b. Velocity (filter inlets)—/ps. 

Filters: 

Rate of filtration 


mgd /acre. 
Number of units ; 
10¢c. Size of units—mogd. 
Dimensions of sand bed—ft. 
Depth of filter box—/t. 
Thickness of sand—an. 
10g. Effective size of sand—mm... 
Uniformity coefficient of sand 
Thickness of gravel—in. 


10j. Maximum size of 
10k. Minimum size of gravel— 
101. Type of strainer system 

. Rate of wash (rise per min)—in. 
10n. Agitation of sand 
100. Height (top of sand to trough crest)—in. 
10p. Clear distance between troughs—/t. 
10q. Location of wash gullet 
10r. Wash water tank capacity—1,000 gal. 
10s. Tank bottom above sand surface—/t. 
Sa Percentage wash water (avg) 


Filtered-water reservoir: 
Open or covered 
11b. Capacity—mil gal. . 


12. Nominal Capacity of plant— mod. 


* For explanation of letter symbols, 
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1 (contd.) 


Nashville, 
enn. 


174.307 (n 

| 242.000 
1929 
1932 

| Cumber- 

land River} 


mechanical 
0.1 


2 (a) 


S 
ms 
> 


5.0 
center 
200 
63 


1.75 


covered 
1.3 (b) 
42 


see Key, p. 833. 


COSENS 


Jul. 1956 


Filtration Plants, 1952* 
51 (52) 
Norfolk, Va. 
New Orleans, La. Moores Bridges Lake Prince 
lant lant 
57 0,445 (n) 59,284 | 213,513 (n) 
494,537 (n) 16,180 | 144,332 (n) 
1909 1933 | 1899 1923 
1924-31 1951 1921 
Mississippi River Four Lakes L. Prince 
c) c) 
75-2350 (avg 700) 313.8 45 18.5 
93 106.7 | 41.6 45.8 
7.4-8.2 8.01 7.0 7.15 
12 14.1 | 67 50 
(d) 1909 (d) 1926-28 
solution solution dry solution & dry 
| 0.75 FeSO, 0.75 FeSO, 0.416 | 1.49 1.56 
4.98 4.98 6.76 } 0.69 0.49 
60 60 2.5 | 1 10 
85 84 72 (CY 60 40 
5120 5056 18 60 400 
over & around none over & under over & 
under (g) end under (g) 
baffles baffles mechanical baffles baffles 
1.5 1.0 
(p) 
4 (a) 4 (a) 3 2 2 
18 16 0.75 4.5 5.0 
0.55 0.52 1.5 1.5 
around around slotted wall around end 
end end 
13 13 6 i) 6 
open open open open open 
345 380 50 | 400 230 
250 368 33.5 | 75 7 
13.75 13.7 14.5 12+ 10 
30 47 0.132 | 3 2.5 
1.55 1.37 2.35 4.73 1.5-2.5 
2.85 2.85 1.48 1.9 3.0 
122 122 136 125 
10 18 = | 22 12 
4 4 0 | 18@ 0.67 4@1.0 1 
2@ 13.5 2@13.5 18 20 11.5 X 18.5 16 X 22 
x 53 X 53 
12 13 9.92 s 9 
30 36 30 | 30 30 
0.33 0.50 0.32-0.55 | 0.49 0.38 
1.65 1.3 1.2-1.6 | 1.59 1.63 
4 7-10 7 15 15 
3 2 1 2.5 2.5 
A B I B & ( H 
24 24 24 24 24 
no no no no 
33 30 26 | 26-28 26-28 
6.62 6.62 4.33 4.17 3.5 
center center center front front 
120 none 0 27 
19.5 15.5 
0.3 2.06 3.38 1.42 
covered covered open covered 
2 3.5 2.5 3 
40 72 7.5 16 12 


|| 
| 50) 
5-590 
36-123 
7.5 
1 
(p) 
dry 
} 1.01 
| 0.35 
26 
48 
60 
= none 
2.1 
1.5 
none 
4 
open 
188 
75 
17.75 
3.75 
3.3 
1.66 
10 
125 
18 
2.33 
25 X 33 
8.75 
30 
0.40 
| 1.65 
18 
24 
no 
24 
|| 
1 


Jour. AWWA RAPID SAND FILTRATION PLANTS 
TABLE 1 (contd.)—Filtration Plants, 1952* 
(53) | (54) | (55) (56) 
City Oakland, Calif. } | 
San Pablo San Leandro Orinda City, Okla. Neb. Ont. 
ant lant Plant 
1. 384,575 (n) 243,504 (n) | 274,488 197,781 
2. 560,000 204,424 (n) 223,844 165,116 
3. 1921 1927 1935 1906 1923 1932 
4. 1930 1930 1923 1932 1943 
5. Mokelumne River North Missouri Ottawa 
Canadian River River 
| River 
6. (c) (ce) (c) | (ce) 
fa. 16 13 3 100 1460 10 
6b. 102 117 2% (| 150 187 20 
fc. 8.1 7.0 8.0 7.9 7.0 
6d. 20 5 0 85 5 45 
7. (p) (p) (p) (p) | | 
7a. dry dry dry | both | both | dry 
7b. 0.66 0.6 0.30 0.36 | 1.46 | 2.0 
7e. 0.3 0.5 0.06 8.0 | 0.98 0.7 
7d. ‘ 16 12 30 | 25 40 
Ze. | 90 120 43 36 | 8.8 60 
| 720 500 1080 1335 
7g. | over & under none over & under | over & under | around end | none 
i 
7h. | baffles mech baffles | baffles baffles spiral flow 
7i. | 1.5 0.2 1.0 2.0 2.2 0.5 
8. | | 
8a. | 2 2 4 6 3 
8b. | 3 2.7 4.0 1 3.33 
Be. | 1.67 1.1 | 0.83 58 1.0 
8d. | diffuser wall diffuser wall | slotted inlet around end | none 
Se. 2 5 12 3.65 
Rf. open open open open covered 
Rg. | 300 200 190 380 30 
Sh. 50 50 2@40, 2@50 370 29.67 
Ri. 13 13 | 12 35 | 29 
8). 3 2 2.67 80 7.2 
9. | (o) (j) 
9a. 1.0 0.75 0.3 .97 2.05 1.2 
9b. 1.16 1.16 2.03 2.0 | 2.46 1.5 
10. 
10a. | 108 108 125 120 157 125 
10b. | 16 12 16 8 18 | 12 
10¢. 1.5 1.5 1.75 | 2 + | 4.2 
10d. | 20.3 XK 30 14x 44 30.3 X 20.3 2@ 12 X 30 2@14X50| 26x 56 
10e. 11.5 11.5 11 | 10+ « 6.67 
10f. 30 30 30 | 24 22 34 
10g. 0.5 0.6 0.54 | 0.37-0.42 0.47 0.47 
10h. 1.39 1.5 1.58 1.60 1.53 1.39 
10i. 18 18 22 18 9 20 
10k. is 
101. | B B D B 
10m. 30 24 36 | 24 2.5 30 
10n. | no no no | no no surf. wash 
100. 24 30 35 26 23 26 
10p. 5.0 5.0 4.0 | 4.62 3.42 5.56 
10q. side side side center center side 
10r. 80 80 ) 100 300 300 
10s. 40.5 39 42.75 40 30.6 14.75 
10t. 1.6 2.24 1.91 2.1 0.57 1.56 
Il. (p) 
Ila. covered covered open covered 
11b. 6 (b) 3 (b) 9 (b) 3.5 (b) 20 7.2 
12. 24 18 28 16 72 50.4 


(57) 


845 


Paterson, Passaic & 
Little Falls, N.J. Dist. 


1919 


(c) 
3 
31 
7.2 
37 
dry 
1.5 
0 
= 
(d) 1902 3% (d) 1919 
around end none 
2 2 
open covered 
310 144 
110 44 
20 43 
5.7 1.8 
1.3 0.4 
2.0 2.0 
120 125 
32 10 
1 1 
15 X 24 384 sq ft 
10 12 
30 30 
0.44-0.47 0.45-0.50 
1.40 1.40 
12 15 
3 
t 
12 27 
air no 
14 24 
3.0 2.1 
front 
20 
58 
2.2 
covered 
3.5 (b) 
42 


* For explanation of letter symbols, see Key, p. 833. 


|_| 
| 
1902 
|| 
Passaic River 4 


KENNETH W. COSENS 


TABLE 1 Plants, 1952* 


City 


Philadelphia, Pa. (r) 


Queen Lane 


Population supplied ( 1950) 

2 Population supplied (1940) 

3. Date of beginning operation 

4. Date of enlargement...... 

5. Source of supply. . | 

6. Average analysis of raw water: | 
6a. Turbidity—ppm. | 
6b. Alkalinity—ppm. 
6c. pH value (avg) | 


Color—ppm.. . 
7. Mixing chamber: 
7a. Type of chemical feed 


ant 


Belmont 
lant 


2,071,605 (n) 


1,931,334 (n) 
22 


1929 


925-26 
Schuylkill River 


7b. Alum added—gpg. 1.28 1.12 
7c. Lime added—gpg. 0 0.20 
7d. Mixing time at nominal capacity—min. 30 
7e. Velocity at nominal capacity _ 4.1 
7f. Length of travel—/t. 123 
7g. Type of baffling | es over & under 
Es 
7h. Type of mixing. . | baffles 
7i. Head loss in mixing—/t. 0.5 
8. Sedimentation basins: | 
8a. Number of basins 4 (a) 2 (a) 
8b. Settling time at nominal capacity—hr. 3.8 2.1 
8c. Velocity at nominal capacity—fpm. 1.2 13 
8d. Method of baffling eke submerged wall none 
8e. Turbidity of settled ea. | 4 9 
8f. Basins open or covered open open 
8g. Length of one basin—/t. | 290 150-170 
8h. Width of one basin—/t. 80 115-80 
Depth of one basin—/t... . | 12.25 11.3 
jj. Total basin capacity—mil gal. | 8 3.4 
9. water conduits: 
9a. Velocity (filter influent main)—/ps. 1.0 0.3 
9b. Velocity (filter inlets)—/ps. 2.2 2.3 
10. Filters: 
10a. Rate of filtration—mogd /acre. 95 100 
10b. Number of units. . 20 12 
10c. Size of units—mgd. 2.5 2.5 
10d. Dimensions of sand bed—/t. | 2@ 14.5 x 40 44 Xx 25 
10e. Depth of filter box—/t. 9 10 
10f. Thickness of sand—in. 30 28 
10g. Effective size of sand—mm. 0.40-0.50 0.40-0.55 
10h. Uniformity sand 1.50-1.70 1.50-1.70 
10i. Thickness of gravel- > | 18 18 
10j. Maximum size of 3 2 
10k. Minimum size of gravel—in. Ay iy 
101. Type of strainer system B E 
10m. Rate of wash (rise per min)—in. 12-15 24-30 
10n. Agitation of sand : air no 
100. Height (top of sand to trough crest )—in. 15 22 
10p. Clear distance between troughs—/t. 3.5 & 4.1 4.25 
10q. Location of wash gullet : center side 
10r. Wash water tank capacity—1,000 gal.. | 200 59 
10s. Tank bottom above and surface—ft.... | 34 19 
10t. Percentage wash water (avg)... . 1.0 3 
11. Filtered-water reservoir: 
lla. Open or covered covered 
11b. Capacity—mil gal. 1 (b) 
12. Nominal capacity of plant- ~mod.. 30 


* For explanation of letter symbols, see sie p. 833. 


1942 
Plant 


0.008 
50 


(59) 
Portsmouth, Va. 


95 


over & under around end 


mechanical baffles 
2 3 
6 6 
0.3 0.9 
over & under over & under 
1 1 
open open 
162 110 
50 95 
12.7 12.7 
1.5 3.0 
2 2 
1.5 1.5 
6 13 
4 10 
1.5 0.9 
2@ 10 XK 26 13 X 23 
7.08 17 
30 27 
0.50-0.55 anthracite 
1.65 
12 12 
1.5 l 
20 mesh 
F F 
28 16.6 
surf. wash 
33 26 
3 4.33 
center end 
75 
30 32 
0.13 
covered 
2.5 
25 


Jul. 1956 


“1951 
Addition 


0.5 
13.33 & 14 
7.25 
27 
anthracite 


846 
1950 
150,000 
| | 908. 
1942 1906 1918 
| 1942 1950 1951 
two lakes and a well 
74-251 5 
49 11.5 
7.3 6.3 
9 | 
solution | dry 
| 1.19 
0.23 
| 43 
0.3 
6 
1 
14 
15 
25 
4.33 
end 
31.5 


Jour. AWWA 


RAPID SAND FILTRATION PLANTS 


(60) (61) (62) 
City | Providence, R.I. | Reading, Pa. | Richmond, Va. 
372,000 109,320 (n) 230,310 (n) 
2. 335,000 | 110,568 (n) | 225.000 
3. 1926 1935 1924 
4. | 1940 | 1949 
5. Scituates Res. | Lake Ontelaunee James River 
6. (e) | 
6a. | 0.2 15 0-2000 
6b. | 4.9 78 46 
be. 6.2 | 7.9 7.4-8.1 
6d. | 11 13 38 
(p 
7a. dry solution | dry 
7b. | 1 2 
7c. 0.61 | 0 
7d 4.7 (k) 27 10 
Te. 19 45 
7f. az 2 750 450 
7g. | - se around end over & under 
= 
SHEE 
7h. baffled channels both 
Ti. 0 03-04 14 
8. 
Sa. 2 3 4 (a) 
8b. 60 6.6 10 
Se. 0.9 0.93 6.0 
8d. around end perf. wall | 
Re. s 
8f. open open | open 
Sg. | 1@ 800, 1@ 1300 200 320 
8h. 1@ 550, 1@ 850 100 120 
Si. 1@ 15,1@ 18 10.5-13.67 10 
8}. 1@ 43.4,1@ 111.4 5.4 7.5 
9. 
9a. 1.2 0.93 | 1.29 
9b. 1.1 1.93 2.61 
10. 
10a. 110 125 120 
10b. 14 6 10 
10c. 44 3.33 3 
10d. | 2@ 16 X 55 | 41.5 X 28.17 2@ 12.25 K 44 
10e. | 10.5 | 11 Q 
10f. 30 21 26 
10g. 0.42 0.45 0.43 
10h. 1.48 1.6 1.45 
101. 18 28 16 
10). 2 2.5 2.5 
10k. 1/10 
101. B B B 
10m. 18-27 | 40 24 
10n. no | no no 
100. 24 22 23 
10p. 2.83 4.92 | 5.12 
10q. center center center 
10r. 400 225 100 
10s. 23 57 20 
10t. 0.8 1.0 0.8-1.0 
11. (p) (p) 
lla. covered | covered | open 
11b. 0 (m) 10 3 (b) 
12. 61.6 20 30 


* For explanation of letter sym 


bols, see Key, p. 833. 


Sacramento, Calif. 


139,700 
105.958 
1924 
1927-1932 
Sacramento River 


(p) 
solution 
1.0 
0 
80 
180 


none 


mechanical 
1 


9 (a) 
0.5 prim., 1.0 see. 
2 prim., 4 sec. 
none 


open 
100 prim., 145 sec. 
100 prim., 44 sec. 
10 prim., 9 sec. 
10 
1.23 
0.86 
125 
16 
1,440 sq ft 


1948 


over & under 


baffles & mech. 
0.4 
2 
13.6 
1.8 
around end 
2 


covered 
164 


847 


Saint Paul, Minn. 


311,349 
287,736 (n) 
1923 
1939 
Mississippi River 


over & under 


air, baffles, 
& mech. 
0.17 
(a) 
2 prim., 2 sec. 
2 prim., 3.8 sec. 


around end 


3. 
2@ 14.5 X 42.25 
11. 
12@ 27, 6@ 30 
0.40 
1.75 
16 
4 
1/12 
E in 12, Bin6 
7-36 


TABLE 1 (contd.)—Filtration Plants, 1952* 
| 
(63) | (64) (65) 
Saginaw, Mich. | 
92,900 
| 82,794 (n) i 
1929 : 
| | 
Lake Huron 
42 77 146 
7.3 8.0 8.1 
5 68 
| (p) 
dry dry 
0.5 0.8 
| 2.5 7.45 
| 144 70 
1.8 16-60 
256 130 
— 
220-110 
| 122 110 
20.2 15-19 
6.5 11.6 
} {o) 4 
| 2.2 
2.48 
2.0 125 
12 18 
3.0 
26 X 26 
13 12.5 
24-30 30 
| 0.42 2.0 | 
1.4 
| 16 | 18 
| 3 2.5 
| 
30 21 
no no no 3 
| 23 24 22 ; 
| 5.83 | 2.3 4.50 yd 
center | front center 
270 125.5 16,000 
| 26.5 | 35.5 
| 1.6 0.40 2.48 
| 
} covered | covered covered 
14.5 9.0 1.9 (b) 
| 64 | 24 63.0 ; 


KENNETH W. COSENS Jul. 1956 


TABLE 1 (contd.)—Filtration Plants, 1952* 


(66) 
San Diego, Calif. San Jose, Calif. 
Alvarado Lower Otay Torrey Pines 
Fepulation (1950) 250,000 80.000 20,000 59,600 14,200 
2. Population supplied (1940) | 130,000 100,000 20,000 
3. Date of beginning operation | 1912 1915 1923 1930 1937 
4. Date of enlargement 1920-50 1918-27 1949-51 
5. Source of supply Sacramento Lawler Cr. 
| River & Reservoir 
6. Average analysis of raw water: 
6a. Turbidity—ppm. 4 | 1 
6b. Alkalinity—ppm... | 115 110 120 76 100 
7 6c. pH value (avg) 7.8 7.6 7.6 7.6 7.7 
6d. Color—ppm. 0 0 0 
7. Mixing chamber: | 
7a. Type of chemical feed dry «& solution none none dry dry 
7b. Alum added—gpg. 1.75 2.09 
7e. Lime added—gpg. 1.4 0.80 none 
7d. Mixing time at nominal capacit y—min. 46 12 20 
7e. Velocity at nominal capacity—fpm 14. 8.8-26 ppm variable 
7f. Length of travel—ft. 680 | 
7g. Type of baffling around end none none 
7h. Type of mixing mechanical | mechanical mechanical 
Head loss in mixing—ft. 0.1 
. Sedimentation basins: 
"= Number of basins 2 none none 2 1 
8b. Settling time at nominal capacit y—Ar. 2 3 2.75 
8c. Velocity at nominal capacity—/pm. 2.4 1 
8d. Method of baffling 2-story around end around end 
= 8e. Turbidity of settled water—ppm. 2-6 7 
8f. Basins open or covered open open open 
8g. Length of one basin—/t. 161 a0 circular 
~ 8h. Width of one basin—/t. 170 43 40 dia. 
8i. Depth of one basin—ft. upper 7.33 13 10 
lower 6.17 | 
y, Total basin capacity—mil gal. 5.36 0.76 0.083 
. Settled-water conduits: 
al Velocity (filter influent main)—/ps 2.27 6.65 
9a. Velocity (filter inlets)—/ps. 2.6 1.65 
10. Filte 
10a. Rate of filtration—mgd /acre 188 pressure pressure 1.5 0.25 
183 136 
10b. Number of units , 8 26 7 8 3 
10c. Size of units—mgd. 11.0 0.67 0.5 1.5 0.25 
Dimensions of sand bed—t. 2@13.3 X 72.5 horiz. tank horiz. tank 25 14 circular 
8 20 20 11’ dia 
10e. Depth of filter box—/t. 13 6 6 | 10 10 
10f. Thickness of sand—in. fine coarse 30 30 28 30 
20 4 
10g. Effective size of sand—mm. 0.45 1.0 0.5 0.5 0.5 0.5 
10h. Uniformity coefficient of sand 1.65 2.0 1.65 1.65 | 1.5 1.5 
10i. Thickness of gravel—in. 24 27 27 16 18 
10}. Maximum size of gravel—in. 2.5 2.5 2.5 2 2 
10k. Minimum size of gravel— 4 
101. Type of strainer system B, vit. clay B, ci & brass __—B, ci & brass B 
10m. Rate of wash (rise per min)—in. 30 20 20 24 24 
10n. Agitation of sand surf. wash none none | surf. wash none 
100. Height (top of sand to trough crest )— in. 24 15 1f 24 24 
10p. Clear distance between troughs—/t. 4.92 single tr. single tr. 6.25 
10q. Location of wash gullet... center side center 
10r. Wash water tank capacity—1,000 gal. 754 pump pump none 15.0 
10s. Tank bottom above sand surface—/t. | 30 
10t. Percentage wash water (avg) 1.8 3.1 3.1 | 2 3 
11. Filtered-water reservoir: | 
lla. Open or covered covered none open | covered hone 
Capacity—mil gal. 20.0 0.5 0.5 none 
12, Nominal capacity of plant—mgd. 66 16 3 | 12 0.75 


* For explanation of letter symbols, see Key, p. 833. 


848 J 

q 

‘ 

: 

f 

I 

1 


Jour. AWWA 
| 
(68) 
City Savannah, Ga. 
| 
1. 102,000 
4 105,000 
3. 1948 
4. 
5. 
| 
6. | 
6a. 25 | 
6b. | 22 | 
be. 6.8 
6d. 25 
7a. | dry & solution 
7b. 1.1 
7e. 0.7 
7d. 45 
7e. 1.0 | 
7f. 300 
7g. slotted 
7h. mechanical 
7i. | 
8. | 
Sa. 4 
8b. 4 
&d. slotted 
| 1.0 
Sf. | open 
Sg. 306 | 
Sh. 80 
Si. 15 | 
8). 
9, 
9a. 2 
9b. | 7 
10. 
10a. 35 
10b. 7 
5 
10d. 18 X 50 
10e. 8 
10f. 30 
10g. 
10h. | 
101. 
10j. 
10k. 
101. | 
10m. 23 | 
10n. 
100. 24 
10p. 
10q. 
10r. none 
10s. 
10t. | 2 
11. 
Ila. | covered 
lib. | 
12. | 22 


* For explanation of letter symbols, see Key, 


RAPID SAND FILTRATION PLANTS 


TABLE 1 (contd.)—Filtration Plants, 1952* 


Chain of Rocks 
Plant 


490,000 
1915 


Mississippi River 


va ffles 


2.5 


none 
9 
open 
400 


1.36-2.53 
2.87 


125 
40 
4 
2@ 14 XK 50 


10.5 
30 


0.40 
1.65 


>> 


24 
no 
24 
4.42 
center 
2@ 170 
35 


1.67 
covered 


74 (b) 
160 


(69) 


St. Louis, Mo. 


1931 


Howard Bend Plant 


366,408 
223,500 
1903 
1926-48 


Missouri River 


6.56 


around end 
0 


6 
1.5 


vertical 


with hose 
30 


6 
center 


p 833. 


28-55 


954 
around end 


baffles & mechanical 
1. 


30 


side 


105 


| 


(70) 


Tampa, Fla. 


124,681 (n) 
108,391 (n) 
1926 
1948 
Hillsborough 
River 


baffle 


0.9 
over & under 


1.75 
2@ 10 X 30 


10 
30 


covered 
2.5 


21 


Toledo, Ohio 


375,000 
350,000 
1942 


Lake Erie 


around end 
mechanical 


94.3 
20 
4.0 
| 2@ 49.75 x 14 


surf. wash 
3.5 
center 


covered 


80 


849 
= (71) 
| 
| 
| 
— 
1430 1400 10 i 
132 131 79 | 
7.95 7.8 7.1 8.0 
25 16 100 16 
solution dry dry dry ; 
1.2 5.4 1.125 
4.7 2.3 0.502 
45 41 35 40 
106 14 1.5 
4760 | 48 234 ; 
around end | over & under | 
| 
5 | 
6 (a) 3 4 7 : 
36 i 5.1-8.4 | 3.8 2.8 
273 9.7 } | 2.7 
open open | open covered 
150 533-653 108 280 
670 37.7 109-122 38 | 85 
15.9-23 15.6 9.8-15.5 18 16 
240 3.83 16.2 4.25 10 
a 0.7 1.14 2.03 1.2 : 
1.6 1.2 | 1.68 1.26 : 
16 6 12 
2.25 4.34 ; 
oxo | 
9 9.5 12.83 
|_| 27 22 
0.56 0.55-0.65 0.42 
1.1 1.70 1.6 
12 14 } 18 
j 1.5 1.5 
G | 10 mesh | t 
F B.D 
38 28-30 20 
none 
| = 
| 4.25 
center 
160 200 1000 
26 25.5 73 
1.4 1.4 2.43 
covered 
= 7 | 


850 KENNETH W. COSENS 


TABLE 1 Plants, 1952* 


Toronto, Ont. | 


City.... Trenton, N.J. 
| Plant Victoria Park 
| ant 
1. Population supplied (1950) 838,520 128,009 (n) 
2. Population supplied (1940) | 648,100 | 124,697 (n) 
3. Date of beginning operation a 1916 1941 } 1914 
4. Date of enlargement : 
5. Source of supply | Lake Ontario Delaware River 
6. Average analysis of raw water: 
6a. Turbidity—ppm. 1-200 1-200 | 0-1000 
6b. Alkalinity—ppm. 96 96 | 60 
6e. pH value (avg). 7.5-8.4 7.5-8.4 | 7.5 
6d. Color—ppm... . } 0 0 10-100 
Mixing chamber: } 
7a. Type of chemical feed solution dry | dry 
7b. Alum added—gpg......... estore 0.4 0.25 0.7-1.2 
7c. Lime added—gpg. ES 0 0 0 
7d. Mixing time at nominal capacity min. | 2+ 40 60 
Ze. Velocity at nominal capacity—fpm. 78-630 179 60-80 
7f. Length of travel—/t. 417 in pipe 55 
7g. Type of baffling... none none | down baffles 


7h. Type of mixing pump & conduit 


spiral flow | 


| (72) (78) 
| 
| 


mechanical 
0 


7i. Head loss in mixing—/ft. 0 0.5 } 
8. Sedimentation basins: t 
8a. Number of basins................. ba 3 2 (a) 
Sb. Settling time at nominal capacity—hr. 2 2.83 3.0 
8c. Velocity at nominal capacity—fpm. cd 1.8 + 
8d. Method of baffling 2 none | vert. baffles 
8e. Turbidity of settled water—ppm. 3 | 
8f. Basins open or cover | covered } covered 
8g. Length of one basin—ft. = 310 209 
8h. Width of one basin—/t. 62 
8i. Depth of one basin—ft. = 22 19.5 
8j. Total basin capacity—mil gal. 1 13.5 3.6 
9. Settled-water conduits: 1 
9a. Velocity (filter influent main)—/ps. 2.6 3.0 1.0 
9b. Velocity (filter inlets)—/ps. 1.26-2.36 2.0 1.5 
10. Filters: 
10a. Rate of filtration—mgd /acre. 180 126 125 
10b. Number of units...... | 10 20 16 
10c. Size of units—m 7.2 6 | 1.875 
10d. Dimensions of sand bed- ft. 1745 sq ft 2@ 15.5 X 68 2@ 13.5 K 24 
10e. Depth of filter box ro 14 9.3 7 
10f. Thickness of sand- 108 (f 26 30 
10g. Effective size of abe mm. 0.40 (f 0.55 0.52 
10h. Uniformity sand 2.0 (f 1.5 | 1.61 
10i. Thickness of gravel- 20 12 
10j. Maximum size of —in. 2 (f 3 
10k. Minimum size of gravel—in. b (f) 1/20 } 
101. Type of strainer system....... B B e 
10m. Rate of wash (rise per min)—in. 16 24 19 
10n. Agitation of sand | no no air 
100. Height (top of sand to trough crest )—in. 51 24 12 
10p. Clear distance between troughs—/t. special circular 4.63 4.50 
gutters 
10q. Location of wash gullet. .... center center 
10r. Wash water tank capacity—1,000 gal. 240 | 345 
10s. Tank bottom above sand surface—/t. 50.5 27.5 | 15 
Ra Percentage wash water (avg) 1.37-2.10 3.7 
Filtered-water reservoir: 
ge Open or covered covered covered open 
11b. Capacity—mil gal. ; 5.4 (b) 14.4 1.2 
12. Nominal capacity of plant—mgd. . 72 120 30 


* For explanation of letter symbols, see Key, p. 833. 
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1941 


0.35-0.50 
1.6-1.7 
13}-18 
14-24 


6@ D 


none 


covered 
17.5 
40 


| Tulsa, Okla. 
213,000 
165,000 
1929 
| 
Spavinaw Lake 
4.9 
83.1 
8.36 
15 
| dry 
| 0.14 
0 
20 
2.96 
} none 
0.25 
| 3 
2.7 
0.84 
2 
open 
151 
| 102 
| 14 
4.5 
1.94 
1.97 
10 
4 
14 50 
9.5 
24 
5.25 
side 
| 120 
| 11.5 
1.0 
| 


Jour. 


* For explanation of letter symbols, see Key, p. 833. 


AWWA 


we 
(78) 


Washington, D.C. (r) 
Delecarlia Plant 


Potomac River 


80 
62 
7.7 
0 
solution 
1.29 


0.64 
21-48 
73 

74-108 
around end & under 
both 
0.1-0.5 


5 
3-5.3 
2-3.5 
over & under 

2.1-4.0 


200@ E, 0@B 
27 
manual & surf. wash 
30-33 


3.33 


5 
2.29-2.63 
covered 
60 
80 
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Wichita, Kan. 


200,000 
115,000 
1940 
1947-48 
wells 


1 
down baffles mech. 
mech. 


center 
200 
23 
1.5 


covered 
10.8 
48 


| 


(v7) 
(77) 


Wilmington, Del. (r) 


110,356 (n) 
112,504 (n) 
1917 
1926-39 
Brandywine Creek 


around end 
baffles 
0.1 
2 (a) 
(d) (d) 
1917 2.4 
1.2 


around end 


center 
) 
35.5 
covered 


0.6 (b) 
20 
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Windsor, Ont. 


150,000 


2 
Detroit River 


45 

85 

7.9 
none 


‘ 
over & under 
mechanical 
<0.5 


end 
pumps 


4.5 
covered 


12.6 
48 


(79) 


Youngstown, Ohio 


220,000 
200,000 
1932 


Meander Creek 
Reservoir 


mech. & baffles 


1 = 

2 open, 2 covered 
90 
90 


wr 


125 winter 
150 summer 
10 


4 
2 @ 57.25 X 12.25 
10 


center 
180 
38 
3 
covered 
1.1 
40 


2. 720,131 117,000 | 
1927 1926 | | 
4. 1949 
6. | | 
6a. | 20 30 7 
6b. 206 41 48 : 
be. | 7.2 7.2-8.6 7.6 
6d. | 0 26 | 22 
7. 
7a. | dry solution } dry dry 
7b. 09 0.3-5.0 0.5 
Ze. | 4.9 0 nil 3.5 
7d. 20 4.2 33 27 
Ze. | 5 36 2.26 53 3 
7f. 150 
7h. 
7i. 
8. 
Ra. 3 2 | i 
sb. | 2.5 i 1.5 2 
Be. | 1.1-2.4 2.26 
8d. none none 
Se. 10-20 11 10 
8f. open | open covered open covered 
8g. 327-424 110-160 157 160 | 265 
sh. 138-148 110-160 | 98 55 50 
si. | 12-17 14 9 15 20 
8j. 31.4 5 2 3.5 
9. } | 
9a. | 1-1.4 2.0 0.8 1.05 ? 
9b. | 2 | 1.0 2.7 21.0 
10. | 
10a. 125 250 118 125 | «a 
10b. 46 6 10 | 20 : 
10c. 4 8 2 2.1 
10d. 27 X 53 2@ 14 x 50 | 2@ 10.25 X 36 700 sq ft > 
10e. 1-11.45 11 10 9.5 
10f. 16 36 24 30 27 
10g. 0.47 | 0.52-0.58 0.45 0.5 “afi 
10h. | 1.39-1.46 1.4 1.6 1.5 
101. | 18 21 18 18 12 
10j. | 3 2.5 2.5 1.5 2 
101. | | B | | Cc Roberts 
10m. 24 36 18 28-40 : 
10n. | surf. wash no surf. wash | surf. wash 
100. 28 24 32 27 
10p. = 4.5 4.0 5.0 
10q. | side | 
10r. 200 
10t. | | 
11. | 
| | 
Ib. 
4 
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TABLE 2 
Large US and Canadian Cities With Slow Sand Filtration Plants, 1952* 


Plant Size Capacity 


(acres) (med) Date Built 


City 


Albany, N.Y.t 5.6 1899 
Denver, Colo. 10.0 d 1903 
Hartford, Conn. 5.5 . 1921-22 
Indianapolis, Ind.-_White River 2.4 1903 
Lowell, Mass.t : 1914 
New Haven, Conn. 1906 
Philadelphia, Pa. 

Lower Roxborough : | 1898 

Upper Roxborough y | 1900 

Belmont 1904 

Queen Land 1912-15 

Torresdale J 1905-07 
Pittsburgh, Pa. 1908 
Reading, Pa. 

Antietam 1905 
Bernhart | 1911 
Springfield, Mass. : 2 1909-24 

Toronto, Ont. 

Island Filtration Plant 1911 
Washington, D.C.§ 1905 
Wilmington, Del. 1907-10 
Yonkers, N.Y. | 1902-08-14 


* Only cities of over 100,000 population are included. 

t Not operating, but held in reserve. 

t For iron removal. 

§ On low-service area (capacity upgraded from 75 mgd in 1940). 
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TABLE 3—Large US and Canadian Cities Not Having Filtration Plants, 1952* 


City Remarks 
Baton Rouge, La. 
Boston, Mass......... Impounded mountain water supply 
Bridgeport, Conn......Sodium hexametaphosphate and chlorine applied after long period of 
storage 
Canton, Glmlo........; Ground water, chlorination, and fluoridation used 4 


Dayton, Ohio........ 
Des Moines, Iowa.... 
Duluth, Minn........ 


. Well supply 
.Infiltration gallery 
.Prechlorination, retention, post-ammoniation, and _ postchlorination 


Elizabeth, N.J........ Water furnished by Newark, N.J., Elizabethtown Water Cons., and 


Fall River, Mass.. . 
Fresno, Calif... 
Gary, Ind. 


Halifax, N.S. 


Houston, Tex....... 
Jackson, Miss......... 
Jacksonville, Fla...... 
Jersey City, N.J...... 


Los Angeles, Calif. . 


Memphis, Tenn... .. 


Plainfield Union Water Company 


. Water impounded in natural lake, chlorination 
. Well water 
.Lake Michigan water (a new filter plant is scheduled for completion 


in 1953) 


. Surface lakes, chlorination 


Deep artesian wells (50-mgd water filtration plant under construction) 
Deep wells, chlorination 


.Artesian wells 

.Surface supply 

.Impounded mountain water supply 
.Surface water 


Iron removal filters only until 1953 


.Artesian wells, no treatment 

. Impounded gravity supply 

New Bedford, Mass.. .. Impounded supply from protected watershed 

New Haven, Conn... ..Surface supplies with chlorination except one sand-filtered supply 
New York, N.Y.......Impounded mountain water supply 

Peoria, Ill............Underground supply 

Portland, Ore.........Surface supply, chlorinated 

Quebec, Que..........Chlorination only 

Rochester, N.Y........Lake supply with chlorination (a filter plant is under construction) 
Rockford, Ill... .......Deep wells and chlorination 

Salt Lake City, Utah. . Impounded mountain water supply 

San Antonio, Tex...... Deep well supply 

San Bernardino, Calif.. Deep well supply 

San Francisco, Calif.... Impounded mountain water supply 

Scranton, Pa..........Impounded supply (small 6-mgd pressure filter plant on reserve supply) 
Seattle, Wash... ......Impounded mountain water supply 

Somerville, Mass... ...Supplied from Boston Metropolitan Water System 

South Bend, Ind...... Artesian wells 
Spokane, Wash........Underground supply, chlorinated 

Springfield, Mass... ... Impounded mountain water supply 


Montgomery, Ala... .. 
Newark, N.J......... 


Syracuse, N.Y... Impounded gravity supply 
Tacoma, Wash........ Mountain water supply, chlorinated 
Impounded surface supply, pressure filtration 


Vancouver, B.C... ....Impounded mountain supply, chlorination 
Waterbury, Conn... ...Impounded surface supply 

Winnipeg, Man....... Lake supply 

Worcester, Mass... .... Impounded supply 

Madison, Wis......... Wells 


* Only cities of over 100,000 population are included. : me 
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Trench Excavation and Backfilling 


George F. Sowers 


A paper presented on Mar. 20, 1956, at the Southeastern Section Meet- 
ing, Augusta, Ga., by George F. Sowers, Prof. of Civ. Eng., Georgia 
Inst. of Technology, Atlanta, Ga.; Cons. Soils and Foundation Engr., 
Law-Barrow-Agee Labs., Atlanta, Ga. 


NEW water pipe was being in- 

stalled in a southern community 
next to an existing main. A trench 
was dug with steeply sloping sides, 
but little bracing was used, for the soil 
appeared to be quite stable. During 
the pipelaying, however, the trench 
caved in and trapped several workmen. 
Although the men were not killed by 
the cave-in itself, the old water main 
burst and they were drowned in the 
rising water. 

This is not an isolated case. The 
newspapers carry frequent accounts of 
cave-ins, blowouts, and similar fail- 
ures which occur in all parts of the 
United States. In the city of Atlanta, 
Ga., alone, fifteen men were killed and 
24 injured in excavation failures in 
1950-1956. Nor are such failures lim- 
ited to excavations; on the contrary, 
trouble often occurs long after the 
work is complete because of the subsi- 
dence of a poorly compacted backfill. 

Excavation, particularly for water 
supply conduits, is not a new art. The 
early civilizations of the Near East pro- 


duced remarkable examples of deep 
excavations and tunneling. Unfortu- 


nately, the art did not progress greatly 
until recently. Many trenches today 
are excavated and backfilled the 
same methods used by the ancients. 
During the last 30 years, however, 
there have been 
vances. First, machines have largely 
replaced hand labor in both excavation 


d by 


many significant ad- 
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and backfilling. Second, the develop- 
ment of the science of soil mechanics 
has brought to light the reasons for 
many present difficulties and has pro- 
vided methods to cope with them. It 
is the purpose of this paper to point out 
what has been learned about the sci- 
ence of excavation and to describe what 
the engineer can do to make use of 
these developments in preventing trou- 
ble and in obtaining a better job at a 
lower cost. 


Mechanics of Soil Excavation 


The procedure employed in making 
an excavation depends upon the depth 
of the trench and the nature of the soil. 
Trenches up to 15 ft deep in firm soils 
may be excavated by machines to their 
full depth in a ‘le operation. In 
soft particular with deep 
trenches, the work is done in several 
First, the trench is made as 
deep as possible by machine, just as is 
done in the shallow trench. The limit 
of depth is determined by the equip- 
ment and by the ability of the soil to 
stand without collapsing. At this 
point, bracing may be installed to sup- 
port the soil, after which excavation is 

} 


1 SIT 


soils, ly 


stages. 


resumed, either by hand or by some 
mechanical device—such as a clam- 
shell—which will fit between the 
supports. 

Before an excavation is made, any 


small part or element of the soil mass 


is acted upon by stresses as shown in 
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Fig. la. The vertical stress is pro- 
vided by the weight of the overburden, 
and the horizontal supporting stress is 
provided by the surrounding soil. 

If a cut is made immediately adja- 
cent to this soil element, the horizontal 
supporting stress is removed. The 
block tends to bulge outward in the 
horizontal direction and to shorten in 
the vertical direction (Fig. 1b). At 
the bottom of the cut the vertical stress 
due to the overburden is the greatest, 
and large amounts of shortening and 
bulging occur. At the top of the cut 
the amounts of the shortening and the 
bulging are much less. These defor- 
mations cause the face of the cut to 
bow outward at the bottom and pull 
inward at the top, so that the ground 
surface adjacent to the cut subsides 
(Fig. 1c). 

Horizontal tensile stresses develop 
in the upper part of the soil mass adja- 
cent to the cut. These and the un- 
balanced compressive stresses in the 
lower part of the cut face are resisted 
by the soil strength. So long as these 
stresses are weaker than the soil 
strength the cut will be stable. If the 
stresses should increase or the soil 
strength decrease sufficiently, the walls 
of the cut will collapse. Failure starts 
with the formation of a tension crack 
at the ground surface parallel to the 
face of the cut and back from the face 
a distance of half to two-thirds the 
height of the cut, as shown in Fig. 2a. 
The crack becomes rapidly deeper until 
the soil in front of it slides down and 
outward into the trench (Fig. 2b). 
Occasionally, instead of sliding down, 
the soil in front of the crack topples 
over into the trench (Fig. 2c). 

The bottom of the excavation also 
undergoes drastic changes in stress. 
Before an excavation is made, the soil 
is subjected to a vertical compressive 
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stress equal to the soil weight. Below 
the trench bottom that stress is reduced 
by the weight of the soil excavated. 
The resulting unbalanced stress tends 
to squeeze the bottom upward—a phe- 
nomenon known as heave (Fig. 3a). 
The tendency to heave is resisted by 
the soil strength; none takes place un- 
less the unbalanced stress exceeds the 
soil strength. 

A third stress change occurs when 
a trench which has been excavated 
below the ground water level is un- 
watered (or drained). The unbal- 
anced head creates an upward (and 
horizontal) flow, as shown in Fig. 30. 
In cohesionless soils, such as sand 
and silt, the upward flow tends to pro- 
duce a quick (or unstable) condition 
and sand boiling in the excavation bot- 
tom. This tendency is resisted by the 
weight of the soil. When the water 
pressure at any point exceeds the 
weight of the soil above, a quick condi- 
tion and boiling result. 


Causes of Trench Instability 


Because failure is caused by stresses 
which exceed the strength or weight 
of the soil, anything which increases 
the soil stress or decreases its strength 
could lead to failure. The principal 
conditions which lead to increased soil 
stresses are the following: 


1. An increase in the cut depth 
(This increases the load on the soil in 
the bottom face of the cut, increases 
the soil tension at the top, and in- 
creases the unbalance in the bottom. ) 

2. Saturation of the soil (This in- 
creases the weight of the soil.) 

3. Water pressure in cracks in the 
soil (This tends to open the cracks 
and increase the horizontal stresses. ) 

4. The weight of excavated soil and 
machinery on the ground surface adja- 
cent to the cut 


= 
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5. Shock and vibration caused by 
heavy machinery and blasting. 


Decreases in the soil strength may re- 
sult from the following: 


1. Prolonged stress, particularly ten- 
sion (This causes soil to deform plas- 
tically until it finally breaks. ) 

2. Excess water pressure or upward 
flow in sandy soils 

3. The swelling of some clays 
through water absorption 

4. The drying-out of damp cohesion- 
less soils such as fine sands (This 
destroys their capillary forces and ap- 
parent cohesion. ) 


Subsidence 


Jul. 1956 


Bottom heave ordinarily occurs 
slowly and often goes unnoticed. Sub- 
sidence of the ground surface in braced 
cuts and the excavation of excessive 
volumes of soil are both indications of 
this form of trouble. 

A quick bottom condition ordinarily 
develops rather suddenly during un- 
watering. Occasionally small boils will 
appear in isolated points and give 
warning of the instability. In other 
instances the bottom will heave slightly 
and then boils which cover a large part 
of the bottom will form. 

Wet weather and periods of melting 
snow should be considered potential 


t 


Bulge 


(a) 
Fig. 1. Stresses and Deformation in an Open Cut or Trench 


Section (a) shows directions of stress in an unsupported soil mass. Section (b) is 
an unsupported cut, showing unbalanced stress in soil. Section (c) is a profile of a 
cut demonstrating typical subsidence and bulging. 


5. The breakdown of loose, unstable 
arrangements of soil grains. 


Most troubles in trench excavations 
are the result of a combination of these 
factors. Sometimes failure comes sud- 
denly; in most instances, however, it 
develops slowly, with ample signs of 
what is to come. The first sign of 
trouble in the walls of the cut is the 
subsidence of the adjacent ground sur- 
face. Continuing subsidence is espe- 
cially serious. The second sign is the 
formation of tension cracks parallel to 
the trench. The final indication is the 
spalling of small pieces of soil from 
the cut face. 


sources of trouble. It is significant 
that most failures occur during late 
winter and early spring, when the soils 
are wet and the water table high. 


Preventive Measures 


Prevention of excavation trouble in- 
volves control of one or more of the 
factors producing stress increase or 
strength loss. 

Limiting the loads applied to the 
strip of ground adjacent to the excava- 
tion can help prevent a serious increase 
in soil stress. The excavated soil 
should be kept back from the edge a 
distance equal to half the trench depth 
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or more. Likewise, loaded trucks and employed. Vertical H beams are 
other equipment which need not be driven about 6 ft apart. Horizontal 


operated close to the trench should be 
kept away. This latter precaution will 
also reduce the stresses which may be 
produced by the vibration and shock 
of equipment operation—a very real 
danger in loose sands and silts. 

The best method of preventing stress 
increases in the soil is to provide sup- 
port by adequate bracing. Bracing 
will reduce the bulging in the deeper 
part of the ditch and will prevent the 
formation of tension cracks at the top. 
Three different systems are in common 
use. The simplest consists merely of 


0.5-0.75 H 


(a) 


boards are placed behind the flanges 
as the excavation progresses to support 
the soil. The H beams are supported 
by a system of wales and struts similar 
to that used in the sheeting system. 
The knowledge of the earth pressure 
required for the design of bracing sys- 
tems has advanced rapidly in recent 
years. Methods for analysis and de- 
sign are presented in a number of text 
books on soil mechanics (1-3). 
Normally a bracing system need ex- 
tend only the depth of the trench. In 
cases where an unstable bottom is in- 


(c) 


Fig. 2. Methods of Failure in a Trench or Unbraced Cut 


Section (a) shows the formation of tension cracks, which occur a distance half to two- 


thirds the depth of the cut back from the face of the cut. 


Section (b) shows the slid- 


ing of soil into a trench, Section (c) a toppling movement. 


horizontal struts which bear against 
vertical planks placed at intervals along 
the trench, as shown in Fig. 4a. When 
the soil is fairly firm and the depth 
limited, simple strutting can be very 
effective. When continuous support 
is needed in soft clays or loose water- 
bearing sands, a sheeting system may 
be necessary (Fig. 4b). This consists 
of vertical sheets of wood or steel, 
horizontal wales, and struts. When 
water control is not necessary and 
where underground obstructions make 
it impossible to drive continuous sheet- 
ing, a third system (Fig. 4c) may be 


volved, driving sheeting below the bot- 
tom of the ditch can reduce the insta- 
bility. When the trouble is a squeez- 
ing of clay, the friction developed along 
the sheeting effectively reduces the 
upward squeeze. When upward water 
flow is causing a quick condition, driv- 
ing the sheeting deeper often reduces 
or even cuts off the flow. 

Drainage will reduce the water pres- 
sure in cohesionless soils and prevent 
unstable cut faces and quick bottoms. 
Often drainage will make it possible 
to reduce the amount of bracing re- 
quired in deep trenches or even to omit 


= (bd) 
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it altogether. Lowering the water 
table by drainage may also reduce the 
tendency of some clays to swell. (Ac- 
tual drainage takes place in this case 
through cracks in the clay or sand 
seams, because no method for draining 
clays rapidly exists). Unfortunately, 
drainage may be a mixed blessing in 
some situations. Prolonged lowering 
of the water table can cause settlement 
of nearby structures, particularly if 
they are founded on highly compressi- 
ble soils. In some cases, improperly 
installed drainage in fine sands can re- 
move particles of the soil and cause 
subsidences. Continued drainage of a 


Soil Weight | Soil Weight 
| Heave { 
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prevented and danger from instability 
eliminated. Well points with vacuum 
can accelerate drainage in silty soils 
and thus be effective more quickly than 
plain gravity drainage. 

Not all the water trouble comes from 
ground water. Surface water getting 
into the tension cracks can increase the 
soil stresses, and water running down 
the face of the cut (particularly a slop- 
ing face) can cause soil erosion and 
sloughing. Diversion ditches can do 
much to keep water away from the 
trench and the excavated soil can be 
used as a temporary dike to accomplish 
the same purpose. If the tension 


Boiling 
AAAA 


AP ERS 
(b) 

Fig. 3. Instability of Trench Bottoms 


Section (a) shows a typical pattern of bottom squeezing or 


heave caused by the weight of the adjacent soil. 


Section (b) 


shows an upward water flow creating a boiling or quick condi- 
tion of the trench bottom. 


sand can cause it to become progres- 
sivly drier until even the capillary 
moisture is lost. Because capillary 
moisture adds to the strength of fine 
sands, its loss can bring about sliding 
in the cut face of a trench. 

The simplest form of drainage is a 
system of sumps. Although sumps are 
cheap they are not very effective in fine 
sands and are likely to create unstable 
bottom conditions. The most effective 
drainage is provided by well points. 
These can be installed before excava- 
tion starts so all the work can be done 
under dry conditions. In addition, by 
draining the water table below the 
trench bottom, upward flow can be 


cracks are small they can be filled with 
asphalt to keep water out. Large ten- 
sion cracks and the cut face can be 
protected with canvas or roofing paper. 

The last preventive of trouble con- 
sists of minimizing the time between 
excavation and backfilling. Although 
other factors often control the job 
schedule, the danger of failure is re- 
duced by shortening the length of time 
the excavation is open. 

A prerequisite to any preventive 
measure is accurate data about the soil 
conditions along the line of the trench. 
Ordinarily the data needed include: 
[1] the depth and thickness of the dif- 
ferent soil or rock strata which will be 
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encountered; [2] the approximate 
strength of each stratum; and [3] the 
depth to ground water. Simple auger 
borings made at intervals of 100-500 
ft, depending on the variability of the 
soil, should be adequate for most situ- 
ations. When deep trenches or soft 
soils are encountered, it may be neces- 
sary to secure intact samples of the 
soils and test them in a laboratory to 
determine what measures will be neces- 
sary. Organizations specializing in 
such investigations can now be found 
in all parts of the United States and 
their services usually save much more 
than they cost. 


Backfilling 


The purpose of backfilling is three- 
fold: to support and protect the pipe; 
to support adjoining structures; and 
to provide a good foundation for the 
pavement or whatever else might be 
above. The earliest method of back- 
filling consisted of merely dumping as 
much soil as possible into the trench 
and allowing it to settle for a few 
weeks. Unfortunately, the soil contin- 
ued to settle for years and the contin- 
ued settlement sometimes caused the 
pipe to move and leak. In sandy re- 
gions the soil was washed or settled 
into the trench with a fire hose. The 
results were comparable to those pro- 
duced by dumping. 

With heavier and heavier vehicles 
on roads, the next development was 
traffic compaction. The trench was 
dumped full and automobiles and 
trucks allowed to operate over the soil. 
From time to time additional soil was 


added to make up for the compaction. 


This method produced high densities 
in the uppermost 1-2 ft of the soil but 
urifortunately did not affect the deeper 
soils. As a result, the loose deeper 
soil would subside slowly and create a 
cavity beneath the compacted crust. 
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Sooner or later a heavy truck would 
break through the crust and a hole 
would result. 

In the late 1920’s a new concept of 
compaction developed. It was found 
that the degree of compaction obtained 
varies with the amount of moisture in 
the soils, as shown in Fig. 5. When 
the moisture exceeds or is less than 
the critical or optimum amount, the 
density will be less. The maximum 
density, as now defined by standard 
ASTM tests, reflects the best compac- 
tion obtainable with a moderate amount 
of rolling or tamping. The maximum 
also reflects the quality of the soil it- 


TABLE 1 


Backfill Classification According to Soil 
Compaction Requirements 


Percentage of 


Class Type of Backfill Compaction* 
1 Supporting extremely 
heavy loads 100+ 
2 Subject to surface 
loads 95-97 
3 Not subject to sur- 
face loads 90-93 
4 Where settlement 
causes no harm 85-90 


* Ratio of actual soil density to maximum density, 
as established by standard ASTM tests. 


self: the higher the maximum density 
the better suited the soil is to compac- 
tion. In general, a soil compacted to 
the maximum density will be strong 
and incompressible and should provide 
excellent support for heavy traffic. 
The ratio of the actual soil density to 
the maximum density is the percent- 
age of compaction. This indicates the 
quality or degree of compaction and 
the ability of the soil to carry heavy 
loads without settlement. Table 1 pre- 
sents a classification according to soil 
compaction requirements. 

Backfilling a pipe trench should be 
done in four separate steps (see Fig. 
6). The first consists of bedding the 
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pipe. The width of the bed should be 
equal to at least half the pipe diameter 
and it should be either cut in virgin 
soil or made of Class 1 fill. It is par- 
ticularly important that the bedding 
be the same material throughout each 
length of pipe. Support by rock at one 
point and soil at another can cause the 
pipe to crack and fail. The same holds 
true, to some extent, for hard soil at 
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by vertical loads. The third step is 
backfilling with Class 3 compaction to 
a height of 1-14 times the pipe diame- 
ter. This creates a zone of somewhat 
looser soil above the pipe which can 
help protect it against excessive verti- 
cal loading. The remaining backfill is 
completed with Class 2 or Class 1 com- 
paction, depending on the surface 
loads. 


(a) 


(0) 


Fig. 4. Trench Bracing Systems 


Systems shown in plan (above) and section (below) are: (a) a simple strut bracing 
system with horizontal struts bearing against vertical planks at intervals along the 
trench; (b) a sheeting system, used in soft clays or loose water-bearing sands, com- 
prised of vertical sheets of wood or steel, horizontal wales, and struts; (c) vertical H 
beams supported by a system of struts and wales, used when water control is unneces- 
sary and where obstructions render the use of continuous sheeting impossible. 


one point and soft at another. In case 
of doubt it is better to excavate the 
trench deeper than is required and to 
make a uniform bed of compacted fill 
throughout. In the second step, fill, 
compacted to at least Class 2 but pref- 
erably Class 1, should be placed around 
the pipe to a height of two-thirds to 
three-fourths of its diameter. The 
greater the degree of compaction of 
the soil on the sides of the pipe, the 
less the stress in the pipe developed 


Many different compaction proce- 
dures may be employed. The tradi- 
tional methods of dumping and wash- 
ing seldom produce compaction as 
good as Class 4. While these methods 
are initially cheap, cost studies indicate 
that their ultimate cost is greater than 
that of well compacted backfills, be- 


cause of the increased maintenance. 


Traffic compaction may produce Class 
2 densities in the uppermost 12-18 in. 


« <4 
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of backfill, but Class 4 and poorer 
below. 

A number of mechanical devices are 
available which can produce all classes 
of compaction, depending on their use. 
All these devices work most efficiently 
when the soil moisture is approxi- 
mately equal to the optimum and all 
require that the backfill be placed in 
layers of limited thickness. Hand tam- 
pers and pneumatic tampers are both 
effective in compacting most soils to 
at least Class 2 densities, provided the 
layers are no thicker than 4 in. Class 
1 compaction can be obtained with 
thinner layers. A heavy gasoline 
engine-driven jumping tamper can 
compact soils in layers up to 12 in. 
thick (and occasionally more) to Class 
2 densities, and layers up to 9 in. thick 
to Class 1. Several different heavy 
tamping machines are available which 
resemble miniature pile drivers. These 
are mounted on wheels which straddle 
the trench and they employ tampers 
which weigh as much as 500 lb and 
which fall as far as 5 ft. These devices 
can produce Class 1 compaction to a 
depth of 1-14 ft and Class 2 compac- 
tion to a depth of 2-3 ft, and are prob- 
ably the most effective compactors yet 
developed. Several types of vibrating 
compactors are available. These are 
of use only in cohesionless soils such as 
sands and will produce Class 1 or 2 
compaction as deep as 6 in. 

Because poorly compacted soil often 
looks no different from well compacted 
soil, it is necessary to measure the den- 
sity of the backfill. This is done by 
excavating or cutting out a sample of 
the compacted soil, measuring its in- 
place volume, weighing it, and deter- 
mining its water content. The actual 
or field density is compared to the 
maximum density to determine the per- 
centage of compaction. The fact that 
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a contractor puts all the soil back in the 
trench that he excavated is no indica- 
tion of good compaction. Many soils, 
including loose cemented sands and 
hard clays, often exhibit a loose but in- 
compressible grain structure. When 
this structure is destroyed by excava- 
tion, a much greater density becomes 
necessary to restore the soil to its 
original incompressibility. 
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Water Content—per cent dry weight 


Fig. 5. Typical Water Content—Density 
Curve 


Density values are for dry soil. The 
vertical broken line represents critical or 
optimum moisture content for given soil ; 
when the moisture exceeds or ts less than 
this amount, the density of the soil will 
be less. The maximum density (hori- 
zontal broken line), as defined by stand- 
ard ASTM tests, reflects the best com- 
paction obtainable with a _ moderate 
amount of rolling or tamping. 


Soil compaction is a complex art. 
Considerable experience and theoreti- 
cal knowledge are necessary in order 
to obtain good compaction economi- 
cally. Where accurate cost studies are 
made of compacted and uncompacted 
soils, the results indicate that the 


money spent for compaction is more 
than saved by lowered maintenance. 


: 
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Summary 


Trench excavation and_ backfilling 
have come a long way since the early 
days of hand excavation and dumped 
backfill. At one time they were con- 
sidered arts, and the methods used 


0.5d 
Fig. 6. Steps in Backfilling a Trench 


Numerals in circles represent class of fill 

required, as listed in Table 1. Class 1 

includes fills of the highest compaction 

requirement, Class 4 of the lowest. The 

d factors represent depth of various fills 

in relation to the diameter of the pipe 
used, 
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were dictated only by experience and 
tradition. 

Excavation problems are primarily 
the result of great depth, weak soils, 
excess water, and external loads. 
These can be controlled by drainage, 
bracing, and speedy prosecution of the 
work, 

Backfilling involves an understand- 
ing of the maximum density—optimum 
moisture concept and the compaction 
requirements of different parts of the 
trench. 

Modern engineering has made it 
possible to dig pipe trenches deeper, 
more quickly, and more safely, and to 
backfill them better. The result has 
been more trench footage at a lower 
cost—a primary aim in all construction. 
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Development and Use of Specifications for 
Cast-Iron Pressure Pipe and Fittings 


Jack W. MacKay 


A contribution to the Journal by Jack W. MacKay, Vice-Pres. Sales, 
American Cast Iron Pipe Co., Birmingham, Ala. 


N recent years, engineers and users 

of cast-iron pressure pipe cen- 
trifugally cast have frequently been 
confused about the question of which 
pipe specifications to use. This situ- 
ation can be attributed primarily to the 
number of specifications available, and 
also to applied modern metallurgical 
science, better testing methods, im- 
proved foundry control, increased 
strength of materials, and improve- 
ments in manufacturing methods. An- 
other important factor has been the 
accumulation of a wealth of technical 
data, including extensive tests to de- 
termine the suitability of pipe under 
various loadings, and methods of using 
the results of these tests to determine 
correct pipe specifications for given 
operating conditions. 


Engineers and purchasers have con- 
tinued to refer to the older standards 
because of a history of prior successful 
use and because of a lack of familiarity 
Un- 
certainty as to how to specify pipe cor- 
rectly for particular service conditions 
has possibly contributed to the gener- 
ally retarded use of the new specifica- 
Such neglect may impose a 
burden on the buyer or result in an 


with more recent specifications. 


tions. 


unsafe design for the engineer. 

A brief review of the older specifica- 
tions, in chronological order, will de- 
fine their usefulness and provide the 
designer with an insight into current 
which be used with 


standards, may 


confidence and economy. 


Early Specifications and Standards 


Barlow Formula 


The Bariow formula, sometimes 
called the “hoop tension” formula, is 
the fundamental expression for design 
of a thin cylinder under internal fluid 
pressure. It has been used, in whole 
or in part, as the engineering basis 
for design formulas in almost all pipe 
specifications to date. This formula 
may be stated either: 


or: 
pd 
in which ¢ is the thickness of the pipe, 
in inches; p is the internal pressure, in 
pounds per square inch; r is the inter- 
nal radius of the pipe, in inches; d is 
the inside diameter, in inches; and S$ 
is the allowable working stress of the 
metal, in pounds per square inch. 
The formula has been modified in 
several ways by prominent water sup- 
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ply engineers to make it applicable to 
the design of cast-iron pressure pipe. 
These modifications, expressing the 
judgments and observations of their 
various authors, include allowances for 
water hammer, earth pressures, han- 
dling, foundry tolerance, and corrosion. 

Both Allen Hazen and Thomas H. 
Wiggin, who have contributed greatly 
to the advancement of cast-iron pipe 
specifications, devised modifications of 
this fundamental formula providing for 
the consideration of both the tensile 
fiber stresses resulting from flattening 
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is a valuable part of the lore of early 
pipe design. The report describes 
studies made by Kirkwood and _ his 
associates in designing pipe for instal- 
lation in the Brooklyn system. In the 
report the author refers to the follow- 
ing formula, which was used in the 


pipe design : 


in which ¢ is the thickness of the pipe, 
in inches; p is the pressure, in pounds 


TABLE 1 


Water Hammer Allowances Used in Determining Pipe Wall Thickness 


Fanning Brackett Fairchild ASA Standard 
Nominal Diam. } Formula Formula Formula Allowancest 
of Pipe | > 

in. 

Water Hammer Allowance—psi 

3-10 100 120 120 120 
12-14 100 110 110 110 
16-18 100 100 110 100 

22 100 90 100 90 

24 100 85 95 85 

30 100 80 90* 80 
36 100 75 85* 75 

42 100 70 is” 70 

48 100 70 70* 70 
54-60 100 70 - 70 


+ From Table 1, ASA A21.1. 


of the pipe under trench load, and the 
direct tension due to internal water 
pressure. In the Hazen and Wiggin 
modifications, the sum of these two 
stresses was kept within the assumed 
working stress, which was obtained by 
dividing the ultimate strength by a 
factor of safety. 

Antedating the organization of both 
AWWA and NEWWA is the report 
of James P. Kirkwood, chief engineer 
of the Brooklyn (N.Y.) water works. 
This rare document, published in 1867, 


* Values adopted for calculating thicknesses of centrifugally cast pipe. 


per square inch, created by the head 
of water; r is the internal radius of 
the pipe, in inches; c is the allowed 
cohesion of the iron, in pounds; and x 
is a constant added to account for de- 
fective casting, handling, rust, or other 
factors affecting the life of the pipe. 
Remarks following the formula de- 
scribe the tensile strength of the cast- 
ings examined as 20,000-22,133 psi. 
Values for the term + are listed in 
a separate table, and range from 0.35 
in. for 4-in. pipe to 0.24 in. for 36-in. 


“ 
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pipe. As may be seen in the formula 
itself, a safety factor of 5 was used. 
Kirkwood describes the formula as a 
“variant” of the Barlow formula. 

The report also uses the terms 
“Class A” and “Class B” to describe 
pipe thicknesses. An Appendix in- 
cludes specifications for cast-iron pipe, 
with a memorandum concerning the 
Angus Smith tar dip, a requirement 
of the standard. 


Brackett Formula 
The Dexter Brackett or NEWWA 


formula was one of the most prominent 
early variations of the Barlow formula. 
It was probably in use as early as 1885 
or 1890 by the Boston water works, 
of which Mr. Brackett was distribu- 


tion engineer. This formula is as 
follows : 
(p + p’)r 
0.25 


in which ¢ is the thickness of the pipe 
wall, in inches; p is the static pressure, 
in pounds per square inch; pf’ is the 
pressure allowed for water hammer, 
in pounds per square inch; r is the 
internal radius of the pipe, in inches; 
3,300 is equal to one-fifth the tensile 
strength of cast iron, taken as 16,500 
psi; and 0.25 is an allowance for corro- 
sion and foundry tolerance, in inches. 
Water hammer allowances for this and 
the other formulas discussed are shown 
in Table 1. 

In 1895, Brackett became engineer 
in charge of distribution for the Metro- 
politan Water Board of Massachusetts, 
and supervised a standard for that 
board in which pipe thicknesses were 
based on his formula. The most out- 


standing addition to specifications of 
this era was that of the 2 x 1-in. test 
bar, which was part of the Metropoli- 
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tan Water Board standard. ‘The late 
Alfred D. Flinn and Thomas H. 
Wiggin assisted in preparing the 
standard. The 2 X 1-in. test bar was 
also made a part of the 1902 NEWWA 
specifications and the 1908 AWWA 
specifications. 

Although the 1902 NEWWA speci- 
fications do not provide a formula for 
pipe thicknesses nor the pressures for 
which the various classes of pipe, A 
through K, are recommended, the 
original Brackett formula was used in 
computing pipe thicknesses. These 
specifications covered pipe produced 
by the pit-casting method and can now 
be considered obsolete. 


AWWA Specifications, 1908 


The AWWA specifications of 1908 
were the best known and most widely 
used standard from the time of their 
adoption until they were superseded 
by the current AWWA specifications 
which cover both pit-cast and centrifu- 
gally cast pipe. 

Although the NEWWA 6specifica- 
tions antedated the AWWA specifica- 
tions by 6 years, it is worth noting here 
the existence prior to 1902 of two un- 
official documents of AWWA. These 
were gleaned from the record of the 
1890 AWWA convention. The first 
is a report by S. B. Russell of St. 
Louis, which includes a tabulation of 
dimensions and weights for classes A, 
B, and C pipe of 3-48-in. sizes. The 
weight of Class B pipe was determined 
from the average weight of pipe used 
in a large number of American cities. 
It is assumed that the figures relating 
to pipe thickness, which are listed for 
each size only, were similar averages. 
Class A pipe was 10 per cent lighter 
than Class B, and Class C pipe was 
10 per cent heavier than Class B. 
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The second document is a report by 
Thomas W. Yardley of Chicago, which 
includes sixteen paragraphs of what 
would now be called specifications for 
cast-iron tar-coated water pipe. Sec- 
tion 8 of these specifications covers the 
use of the standard 2 x 1-in. test bar. 

From the discussion which followed 
the presentation of these two reports, 
it is evident that manufacturers were 
not then prepared to standardize. It 
is, however, understood that these 
documents were used informally until 
the promulgation of the NEWWA 
specifications in 1902. 

The 1908 AWWA specifications 
covered bell-and-spigot pipe produced 
in 12-ft laying lengths by the pit- 
casting method using stationary sand- 
lined molds and sand-surfaced cores to 
form the inside. These specifications 
are now considered obsolete, except for 
that part pertaining to the manufacture 
of bell-and-spigot fittings, which has 
been rewritten and is now designated 
AWWA C-100 (1). Some bell-and- 
spigot pipe, for the most part of 30-in. 
diameter and larger, is still produced 
by this method, but the current speci- 
fication for bell-and-spigot pit-cast 
water pipe is ASA A21.2 (AWWA 
C102) (2). 

The AWWA specifications employed 
a system of class designations applied 
to specific pipe wall thicknesses in 
diameters of 4-84 in. inclusive, for a 
range of hydraulic heads. The more 
common of these are classes A, B, C, 
and D for 100-, 200-, 300-, and 400-ft 
hydraulic heads, or 43, 86, 130, and 
173 psi, respectively. The pipe wall 
thicknesses were calculated for internal 
pressure only, using a tensile bursting 
strength of 18,000 psi, plus an arbi- 
trary allowance for corrosion and 
foundry tolerance. Although the esti- 
mated tensile strength was considered 
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conservative, later tests by ASA Sec- 
tional Committee A21 showed the ac- 
tual strengths were generally lower. 
The James T. Fanning formula was 
apparently used in modified form in 
computing thicknesses for the several 
pipe classes of the AWWA specifica- 
tions. The Fanning formula is as 


follows: 
d 
~ 100 ) 


_ (p + 100)d 
d 
~ 100 


0.48 
in which ¢, p, p’ and d are, as before, 
thickness, static pressure, water ham- 
mer, and diameter, respectively. S is 
the supposed ultimate tensile strength 
of cast iron in pounds per square inch. 

The first term is the fundamental 
formula with a safety factor of 5, as 
in the Brackett formula. The second 
term is an arbitrary allowance which 
varies from 0.32 in. for 3-in. pipe to 
0 for 100-in. pipe. The value of p’ 
was taken as 100 psi for all pipe 
diameters. 

Pipes in sizes of 4-12 in. were pro- 
duced to two outside diameters for 
each size but used only Class D fit- 
tings. Each size of pipe, 14-24 in., 
was manufactured in two outside diam- 
eters. Classes A and B pipe were 
made to the A-B or smaller outside 
diameters and used Class B fittings. 
The larger outside diameters (C-D 
patterns) were used for making classes 
C and D pipe, which utilized Class D 
fittings. 

For pipe of 30 in. and larger, four 
different outside diameters—designated 
A, B, C, and D—were used for the 
respective classes of pipe. Four dif- 
ferent classes of fittings of like desig- 


+ 0.333 


or: 


5(p + p’)r 


"18,000 


+ 0.333 
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nation and with the same pressure rat- The modified Fairchild formula, 


ings as the corresponding classes of 
pipe were used. The various outside 
diameters were set in such a manner 
that the actual inside diameter was al- 
ways equal to or greater than the nomi- 
nal size of the pipe. 


AWWA Specifications, 1939 
In 1939, AWWA adopted the new 


method of designing cast-iron pressure 
pipe, ASA A21.1 (AWWA (C101) 
and the pit-cast pipe specification, ASA 
A21.2, which is based on the new law 
(2, 3). A revision of A21.1 is cur- 
rently under way. 


Federal Specifications 

With the emergence of centrifu- 
gally cast pipe, higher-strength iron 
was obtainable and consequently a re- 
duction in pipe wall thickness could 
be realized for the same internal pres- 
sure design conditions. Federal Speci- 
fications No. 537, published in 1927, 
were the first covering the manufacture 
of centrifugally cast iron pressure pipe. 

Subsequently, Federal Specifications 
WW-P-421, dated July 21, 1931, were 
published. These specifications have 
been modified several times. Origi- 
nally the specifications covered three 
types of bell-and-spigot pipe produced 
commercially in laying lengths of 12, 
16, 164, 18, and 20 ft, in sizes of 4-24 
in. inclusive, for two operating pres- 
sures. Class 150 pipe is for a maxi- 
mum working water pressure of 150 
psi, and Class 250 for 250 psi. 

Type I pipe is produced centrifu- 
gally in metal molds (deLavaud proc- 
ess); Type II pipe is manufactured 
centrifugally in sand-lined refractory 
molds (sand-spun process) ; and Type 
III (no longer available commercially ) 
was made in stationary, on-side green 
sand molds with green sand cores. 


which was used to determine pipe 
thicknesses in the federal specifications, 
was developed by I. J. Fairchild and 
originally published in 1927. The 
modified formula is as follows: 


fd(p +p’) 0.28 

_S(p+p')r 0.28 
Ae 25,000 + 


in which f is a factor of safety which, 
for centrifugally cast pipe, is taken as 
5; S is the ultimate bursting or tensile 
strength of the metal in the pipe wall, 
assumed to be 25,000 psi; and the 
other factors are the same values as 
previously stated. 

The first term is the fundamental 
formula for thin-wall cylinders. The 
second term is an arbitrary allowance 
for handling, foundry tolerance, and 
indeterminate stresses. It works out 
as 0.23 in. for 4-in. pipe and 0.17 in. 
for 24-in. pipe. 

Pipe of 4 and 6 in. is made to the 
AWWA outside diameter A; 8-, 10-, 
and 12-in. pipe is made to the AWWA 
A-B diameters. Pipe of 14-24-in. size 
is produced to the AWWA C-D di- 
ameters. AWWA Class D fittings are 
used with all sizes and classes of pipe 
manufactured im strict accordance with 
federal specifications. If desired, Class 
250 short-body bell-and-spigot fittings 
(ASA A21.10) can be used with 
4-12-in. pipe only. 

Although the specifications provided 
that 14~-24-in. pipe be made only in 
Class 150 and Class 250 to the larger 
diameters for use with AWWA Class 
D fittings, centrifugal pipe manufac- 
turers immediately adapted the design 
thicknesses for pipe produced to the 
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same pressure ratings on the A-B or 
smaller diameters, to be used with 
AWWA Class B fittings. Some engi- 
neers specified such pipe as “Class 150 
pipe designed by the federal specifica- 
tions formula to be used with Class B 
fittings.” In addition, the formula was 
used to calculate thicknesses for other 
operating pressures for pipe made to 
either the larger or smaller diameters. 

Until development of the ASA speci- 
fications, the Fairchild formula was 
used exclusively in calculating thick- 
nesses of cast-iron pressure pipes cen- 
trifugally cast in sizes of 30-48 in., in- 
clusive. Such pipes are manufactured 
only to AWWA outside diameter B, 
in 16-ft laying lengths, for working 


Bell-and-Spigot and Mechanical Joints 


Pig. 1. 


Section at left shows bell-and-spigot joint, 
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customers desire pipe of the same 
thickness as provided in Federal Speci- 
fications WW-P-421, the easiest tran- 
sition is to specify the nearest standard 
class thickness of the ASA specifica- 
tions and the proper diameter for use 
with a certain class of fittings. 

During World War II, the Emer- 
gency Alternate Federal Specifications 
E-WW-P-421, dated Dec. 21, 1942, 
were published and used in the interest 
of conservation of strategic materials. 
All pipe wall thicknesses shown in 
these specifications were ASA stand- 
ard class thicknesses, suitable for 150- 
and 250-psi working pressure, with 
18/40 metal, trench condition B, and 
5-ft maximum cover. 


WAY 


used as early as 1785. Mechanical joint, 


shown at right, is most widely used in current practice. 


pressures of 50, 100, 150, 200, and 
250 psi, and classed according to the 
pressure rating. Although this was a 
manufacturer’s standard, it was widely 
accepted and is in current use. Fit- 
tings are furnished either AWWA 
Class B or Class D all bell, or to either 
class in manufacturer’s standard short- 
body fittings. Fittings with Class D 
metal and Class B socket and spigot 
diameter are sometimes used. 

A considerable tonnage of cast-iron 
pressure pipe in 4~-24-in. sizes is still 
produced according to Federal Specifi- 
cations WW-P-421, although this 
standard is obsolescent in view of the 
newer ASA specifications and Federal 
Specifications WW-P-421a (4). When 


Of considerable and timely interest 
is the acceptance and promulgation by 
the General Services Administration of 
ASA designed pipe. 

Federal Specifications WW-P-421a, 
dated Mar. 2, 1955, cover pipe de- 
signed in accordance with the ASA 
standard method of design in ASA 
A21.1. Tables are published for work- 
ing pressures of 50-350 psi, using 
18,000-psi minimum tensile in burst- 
ing, and 40,000-psi minimum modu- 
lus of rupture, 5-ft maximum cover, 
and laying condition B, in accordance 
with thicknesses shown in pit-cast pipe 
standard ASA A21.2, metal mold cen- 
trifugal pipe standard ASA A21.6 
(AWWA C106), and sand-lined mold 
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centrifugally cast pipe standard ASA 
A21.88 (AWWA C108) (5, 6). For 
other conditions of cover and laying, 
and higher iron strengths, designs may 
be calculated from the standard prac- 
tice manual ASA A21.1. 

The bell-and-spigot, roll-on rubber 
ring, and standardized mechanical 
joints are all now included as pipe 
joint types I, II, and III, respectively. 

The bell-and-spigot joint, which 
dates from 1785, and the mechanical 
joint, which was developed in 1927, 
are well known and widely used. Both 
types are illustrated in Fig. 1. 

The mechanical joint was stand- 
ardized by the cast-iron pipe industry 
in 1946, using the design of the 
“Double-X” joint developed by Ameri- 
can Cast Iron Pipe Company, and is 
the joint most widely used at present 
for both water and gas. 

The roll-on joint, shown in Fig. 2, 
is now a standard pipe industry joint 
in pipe sizes of 3-24 in., although it 
is also regularly produced in sizes of 
30-48 in. 
bly, 


It provides ease of assem- 
joint-tightness, constant gasket 
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compression, flexibility, and low cost. 
It has an excellent service record and 
is being used increasingly where a low- 
cost joint is desired and specifications 
exclude joints sealed with jute or paper 
in contact with water. This joint is 
also a development of American Cast 
Iron Pipe Company. 

Data are presented on standard and 
“half-thickness” cement linings.* Thick 
linings are identical to those of ASA 
A21.4 (AWWA C104) (7) and half- 
thickness linings are, as the name im- 
plies, one-half as thick. The latter lin- 
ings, with bituminous-seal coatings, 
have been used satisfactorily for over 
23 years. 

Half-thicknesses correspond to the 
various manufacturers’ standards which 
have been marketed under a variety of 
trade names. Thickness for each pipe 
size are as follows: for pipe of 3-12-in. 
diameter, the thick lining is 4-in. mini- 
mum, the half-thickness lining in. ; 
for 14~24-in. pipe, and in.; and 


for 30-48-in. pipe, } and } in. 


* Half-thickness cement linings are made 
under manufacturers’ specifications only, and 
are not part of the ASA standards—Ed. 


Development of ASA Specifications 


In all of the foregoing formulas the 
tensile strength values are assumed 
strength properties of the pipe. The 
arbitrary additions were attempts to 
provide for foundry tolerances, corro- 
sion, earth loads, hazards in handling 
and laying, and indeterminate stresses. 
In general, the wall thicknesses deter- 
mined have been satisfactory. In some 
instances of deep cover or high internal 
pressure and poor laying conditions, 
the thicknesses are insufficient, whereas 
in instances of low and medium heights 


of cover, or low pressure and tamped 
backfill, they are excessive. In most 
instances, by actual experiment, the 
thicknesses are either too little, result- 
ing in an inadequate design, or too 
great, causing an uneconomical design. 

The old methods lacked a sound sys- 
tem of rating the strength of pipe. 
Three separate tests have been used to 
determine the tensile strength of iron 
in a pipe. A machined test bar, for 
example, from a separately cast speci- 
men, or from the pipe wall itself, may 


870 JACK W. 


give a value of 40,000 psi. A rec- 
tangular test strip cut from the pipe 
wall, with two machined sides and two 
cast surfaces, when pulled in the ten- 
sion test, may give a value of 35,000 
psi. The most revealing test is the 
bursting test of full-length pipe. This 
test is not necessarily indicative of the 
true tensile strength of the iron in the 
pipe, but it provides a more nearly true 
value of the unit strength of the pipe, 
and, in comparison with the other two 
tests mentioned, may give a result of 
18,000-25,000 psi for centrifugally cast 


pipe. These values are approximately 
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revealed that pipes manufactured by 
different methods gave different 
strength results (9). 


Sectional Committee A21] 


Research work was furthered by the 
formation of ASA Sectional Commit- 
tee A21 in 1926. The sponsor bodies 
were American Gas _ Association, 
ASTM, AWWA, and NEWWA. 
The committee was composed of repre- 
sentatives of the sponsor bodies, inter- 
ested pipe manufacturers, and members 
of other national associations. 


Fig. 2. Roll-On Joint 


Section at left shows position of pipe and gasket before assembly with (1) round 

rubber gasket, (2) restriction ring cast in bell, and (3) positive gasket seat. In sec- 

tion of assembled joint at right, (1) asphaltic sealing compound, (2) strand of braided 

jute behind restriction ring, and (3) rubber gasket compressed to half diameters are 
shown. 


one-half the strength of the Talbot 
strip cut from the pipe wall. Early 
formulas failed to recognize this. 


Talbot Pipe Tests, 1926 


As early as 1926 a research paper 
written by Arthur N. Talbot and 
Frank E. Richart brought out the re- 
lations between the properties of pipe 
under tests and the corresponding 
properties found in test specimens from 
the same pipe tested (8). Another 
paper by Talbot showed that the in- 
ternal-pressure bursting test is one of 
the best actual indicators of quality and 


New Design Methods 


Intensive research performed at the 
University of Illinois and Iowa State 
College finally evolved a law of pipe 
design based on many full-scale tests 
of pipe under actual internal-pressure 
and earth load service conditions. The 
testing procedures and derivation of 
the actual law of design are too in- 
volved to be presented here but can 
be studied in detail in publications re- 
lating to the law (10). 

The method of design, ASA specifi- 
cations A21.1, represents the method 
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considered most satisfactory by the 
authorities in this field. The design 
method is distinct from the older 
standards and corrects their faults by 
embodying (in addition to the provi- 
sions for internal pressure and water 
hammer) the following: 

1. Consideration of the earth load 
tending to produce crushing action on 
the pipe, thus reducing the pipe’s 
bursting strength 

2. Consideration of the effect of lay- 
ing or bedding condition of the pipe in 
reducing or increasing the effect of 
the earth load 

3. Consideration of the effect of sur- 
face loads, such as those due to passing 
vehicles, which may be added to the 
earth load 

4. The rating of the ability of the 
various types of pipe to resist internal 
pressure and external crushing loads 
(acting singly or simultaneously ) 

5. Suitable factors of safety and 
definite allowances for foundry toler- 
ance and corrosion. 

These specifications gave the engi- 
neer, for the first time, the normal tools 
he uses in design—namely, a compila- 
tion of material strengths, a proved 
method of determining and applying 
loads, and reliable laboratory checks to 
insure conformance to specifications 
and reveal proof of quality. 

Following the natural progression 
from older methods of pipe production 
to modern methods, utilizing irons of 
greater strength, it is to be expected 
that, in general, wall thicknesses would 
be reduced somewhat. Ir following 
the natural laws of scientific design, 
however, the wall thicknesses vary 
considerably as befits the loading de- 
mands. Where internal pressure and 
external loads are moderate, pipe with 
somewhat decreased wall thickness will 
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do the job reliably. On the other 
hand, for higher pressures and heavier 
external loads, much thicker pipe is 
shown necessary in conditions where 
thinner pipe (produced to old Federal 
Specifications WW-P-421 for centrifu- 
gally cast pipe) had formerly been used 
without distinction. 

The transition from AWWA speci- 
fication pit-cast pipe to Federal Speci- 
fications WW-P-421 centrifugally cast 
pipe of greater strengths resulted in 
reduced pipe wall thicknesses which 
have proved more than ample in serv- 
ice and are used without hesitation 
under widely varying pressures and 
field conditions. 

As an example, 12-in. AWWA Class 
B pit-cast pipe having a wall thickness 
of 0.62-in. was rated at 86-psi working 
pressure without limitation as_ to 
trench load. Federal Specifications 
WW-P-421 centrifugally cast 12-in. 
pipe with a wall thickness of 0.50 in. 
is rated at 150-psi working pressure 
without limitation as to trench load. 
Centrifugally cast 12-in. pipe made to 
ASA specifications with 18/40 metal 
strength for 150-psi operating pressure 
plus 110-psi water hammer, 5 ft of 
cover, and laid in a flat-bottom trench 
with tamped backfill (laying condition 
B), is 0.48-in. thick. 

The ASA specification for similar 
service conditions (except 12 ft of 
cover) requires 0.56-in. wall thickness. 
It is obvious that the ASA law of de- 
sign follows a more logical pattern 
than those of the older specifications, 
yet is more conservative regarding 
earth loads. 

Actually, 18/40 pipe designed ac- 
cording to ASA A21.1 for 150-psi 
operating pressure, 5 ft of cover, and 
laying condition B, closely parallels 
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the thickness of pipe designed to Fed- 
eral Specifications WW-P-421_ in 
4-12-in. sizes. In larger sizes, wall 
thicknesses become somewhat less for 
the same pressure ratings when the 
cover factor is constant. 

Another consideration of importance 
is that of larger inside diameters of 
ASA pipe utilizing irons of greater 
strength. As the AWWA outside di- 


ameter is maintained, any reduction in 


Methods for Computation 


A series of comprehensive experi- 
ments at the University of Illinois 
and Iowa State College developed the 
relations of combined tensile and flex- 
ural stress to ultimate tensile and bend- 
ing strength of cast-iron pipe. The 
ultimate values of several different 
kinds of pipe were first established by 
determining their bursting and crush- 
ing strengths through a sufficient num- 
ber of tests to determine average values 
for each group of pipe. Subsequently, 
tests to destruction were made on simi- 
lar lots of pipe in which internal pres- 
sure and external load were acting 
simultaneously. In each lot of tested 
pipe the values of the stresses to pro- 
duce failure under combined internal 
pressure and external load showed a 
definite relation to the ultimate values 
of these stresses acting singly. 


Tensile Strength 


The ultimate tensile strength used 
in designing a pipe wall thickness was 
decided upon as the value established 
by the bursting tests of full-length pipe. 
Compared to previous formulas, in 
which tensile strengths were assumed, 
or indicated by separately cast test 
bars, this was indeed a forward step. 
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wall thickness increases the inside di- 
ameter beyond the nominal size, caus- 
ing an appreciable increase in area and 
hence capacity. The factor of greater 
capacity should be weighed when con- 
sidering pipe of other materials, such 
as steel, in which the nominal size is 
often the actual outside diameter, or 
nonmetallic alternates in which the 
inside diameter may be only equal to, 
or even less than, the nominal size. 


of Strength and Thickness 


The minimum tensile strength values, 
derived from actual tests, were, for pit- 
cast pipe, 11,000 psi; and for centrifu- 
gally cast pipe, 18,000 psi. 


Modulus of Rupture 


The strength of pipe to resist crush- 
ing is rated by a standard compression 
test known as the “three-edge bearing 
test.” The modulus of rupture for 
pipe designed by the ASA method was 
chosen as that developed in the stand- 
ard ASTM three-edge bearing test as 
illustrated in Fig. 3. A sufficient num- 
ber of tests were made to establish 
average values. The minimum values 
then established were, for pit-cast pipe, 
31,000 psi, and for centrifugally cast 
pipe, 40,000 psi. 

The manufacturer must periodically 
run such bursting and ring tests in 
conjunction with strip tests so that he 
can certify the design values of the 
modulus of rupture and the tensile 
strength of the iron in the pipe. 


Modulus of Elasticity 


The acceptance values for the secant 
modulus of elasticity are determined by 
tests on Talbot strips cut from 3—24-in. 
pipe, and are as follows: 


3 

. 

1 

| 


Jour. AWWA 


1. Pit-cast pipe (ASA A21.2) : 10,- 
000,000 psi maximum 

2. Pipe centrifugally cast in metal 
molds (ASA A21.6): 12,000,000 psi 
maximum 

3. Pipe centrifugally cast in sand- 
lined molds (ASA A21.8) : 10,000,000 


psi maximum. 


In each category, whenever the 
modulus of elasticity exceeds the stated 
maximums, the modulus of rupture 
must exceed the minimum require- 
ments for each specification by at least 
the same percentage. 

The same specifications apply to pit- 
cast pipe in sizes of 30-in. and larger. 
The acceptance tests for centrifugally 
cast pipe in 30-48-in. sizes are to be 
made on the ASTM standard 2-in. di- 
ameter test bars which must have a 
minimum breaking load of 6,000 Ib, 
and a deflection of 0.15 in. plus 0.01 in. 
for each 500 lb of breaking load in ex- 
cess of 6,000 lb. Use of Talbot strips 
is optional. 


Safety Factor 


A factor of safety of 24 has been 
agreed upon for both external loads 
and internal pressure, acting simul- 
taneously. This includes the allowance 
for cover burden, truck load, or water 
hammer, as the design may require. 
These safety factors apply in calculat- 
ing the net wall thickness required to 
resist all forces acting simultaneously 
on the pipe. To the net thickness is 
added the proper corrosion allowance 
and manufacturing tolerance. 


Laying Conditions 


The six chief field conditions of lay- 
ing pipe are shown in Fig. 4. Condi- 
tions E and F are uncommon in cast- 
iron pipelines. The most popular of 
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the other four is condition B, which is 
considered the best for developing the 
strength of the pipe and at the same 
time maintaining an economical cost of 
trenching and laying. 

Because the methods of supporting 
the pipe in the field under different 


W POUNDS PER LINEAR FOOT 


APPLIED UNIFORMLY ALONG 
FULL LENGTH OF SPECIMEN 


Clear Space 
Between Supports 


Fig. 3. Three-Edge Bearing Load 


The condition of loading shown above is 
referred to in ASA A21.1 (in which the 
illustration appears as Fig. 2) as the 
“three-edge bearing load” because two 
supports close together at the bottom are 
used to facilitate laboratory tests by pre- 
venting the specimen from rolling. 


laying conditions are not the same as 
used in the laboratory test, it was nec- 
essary to develop a correlation between 
the two. Tests were made, therefore, 
at Iowa State College to determine the 
“ratios to three-edge bearing” for each 
of the field conditions of laying. These 
ratios establish a relationship between 
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Fig. 4. Pipelaying Conditions 


The six chief field conditions of laying 
pipe, as shown above, are: A—flat-bottom 
trench with untamped backfill; B—flat- 
bottom trench with tamped backfill; C— 
pipe laid on blocks with untamped back- 
fill; D—pipe laid on blocks with tamped 
backfill; E—shaped-bottom trench with 
untamped backfill; © F—shaped-bottom 
trench with tamped backfill. 


actual field laying conditions and the 
standard laboratory test. The trench 
load divided by the ratio gives a re- 
vised load that will have the same ef- 
fect on a pipe subjected to three-edge 
bearing as the actual trench load does 
on a pipe for a given field condition. 

The ratio is greater than unity for 
pipe laid in a flat-bottom trench with 
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either tamped or untamped backfill, so 
the loads are reduced. For pipe sup- 
ported on blocks, with untamped back- 
fill, the ratio is less than unity, increas- 
ing the load and showing the destruc- 
tive effects of this type of laying. 


Load-Pressure Relationship 


As established in the tests, a pipe 
failure may be caused by internal pres- 
sure alone, by trench load alone, or by 
any number of combinations of internal 
pressure and external loads acting to- 
gether. If the internal pressure is 
high, the trench load required to pro- 
duce pipe failure is low, and con- 
versely. This relationship has been 
represented as a parabolic load-pressure 
curve, shown in Fig. 5. In this 
graph, P is the ultimate bursting pres- 
sure that will cause failure of the pipe 
when the external load is zero. Simi- 
larly, the ultimate external load, W, 
is that which will cause the pipe to fail 
when the pressure is zero. The term 
w is the external load which will cause 
failure when the internal pressure is p 
for a given pipe diameter and net wall 
thickness. The parabolic curve indi- 
cates the percentage of these ultimate 
forces which will cause failure under 
an infinite number of combinations of 
internal pressure and external loads 
acting simultaneously. 

The solid-line rectangle indicates 
one combination of internal pressure 
and external load which, acting si- 
multaneously, will cause failure of 
the pipe. The broken-line rectangle 
indicates the percentage of ultimate 
strength values to which the pipe wall 
metal is subjected when a factor of 
safety of 24 is used, based on the com- 
bination of these two forces acting 
simultaneously. Actually, the pipe 
wall metal is stressed to only 20 per 
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cent of its ultimate bursting strength 
and 29 per cent of its ultimate external- 
load strength. The factor of safety 
for bursting alone is therefore 5, and 
this factor is based on the net design 
thickness before any additions for 
manufacturing tolerance and corrosion 
allowance. The factor of safety would 
obviously be increased if based on the 
nominal wall thickness. Factors of 
safety for the normal operating pres- 
sure of city water systems, with cover 
up to 5 ft for pipe of nominal wall 
thickness, will be about 12 or more for 
sizes of 12-in. and smaller, and 7 or 
more for pipe of larger diameters, as- 
suming of course no deviation from 
standard class thickness for tolerance 
or corrosion. 

The factor of safety, which applies 
to both internal pressure and external 
load, should not be confused with 
safety factors applicable to the thin- 
tube formula or thick nonmetallic con- 
duits considered only from the stand- 
point of internal pressure and ultimate 
tensile strength. 


Earth Loads 


Anson Marston, the late dean of 
Iowa State College, began many years 
ago a series of full-scale tests of earth 
loads on pipe of various kinds. The 
work has been continued by his suc- 
cessors and reported in many Iowa 
State College bulletins. ASA Sec- 
tional Committee A21 took advantage 
of this experience and technique by 
employing W. J. Schlick, who was in 
charge of the work, to make the exten- 
sive tests which form the basis of the 
committee’s method of design. 

The earth load can be determined 
by a basic formula but is much more 
easily derived from the basic earth load 
graph shown in Fig. 6. The fill mate- 
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External Load— per cent of ultimate 
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Internal Pressure — per cent of ultimate 


Fig. 5. Application of External Load, 
Internal Pressure, and Safety Factor 
to Cast-Iron Pipe Design 


Parabolic curve for the formula: 


v= 
is shown, in which P is ultimate burst- 
ing pressure that will cause pipe failure 
when the external load is zero; W is the 
ultimate external load, or that which will 
cause pipe failure when the pressure is 
zero; and w 1s the external load that will 
cause failure at internal pressure p for a 
given pipe wall diameter and net wall 
thickness. 


rial is assumed to weigh 120 lb per 
cubic foot. In _ relatively shallow 
trenches the column of earth directly 
above the pipe weighs on the pipe ver- 
tically. This weight is increased by 
the internal friction between the fill 
material settling around the sides of 
the pipe and the fill material directly 
over the pipe. There is a critical 
height of fill for each pipe size and 
settlement ratio, where the internal 
friction of the fill material exactly neu- 
tralizes the tendency of side fill to 
settle more than the column of earth 
directly above the pipe. The point of 
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Fig. 6. Basic Earth Load Graph 


Diagram shown is Fig. 4 of ASA A21.1 (p. 9), which is used to determine earth 
loads on pipe for width of ditch d+ 2 ft, field conditions A, B, C, E, and F. 
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this bridging effect is called the “height 
of equal settlement.” The load on the 
pipe caused by the fill above this point 
is not increased by the internal friction 
of the fill material. If the height of 
fill is much greater than the height of 
equal settlement, the load on the pipe 
is lessened by the effect of the friction 
of the fill material against the sides of 
the ditch. The depth-of-cover calcu- 
lations are quite conservative, com- 
pared to the older specifications. 

In compiling the standard pipe 
thickness tables, ASA Sectional Com- 
mittee A21 determined earth loads by 
using a trench width equal to the nomi- 
nal diameter of pipe (in feet) plus 2 ft, 
expressed as d +2 ft. Field experi- 
ence has shown that many contractors 
prefer to cut trenches much narrower 
than d+2 ft. It is not uncommon 
for trenches to be d + 1 ft, which les- 
sens the trench loading, resulting in 
reduced pipe wall thickness. The 
committee recognized this fact by in- 
cluding in specifications A21.1 a dia- 
gram for obtaining earth loads on pipe 
for trench widths of d+ 1 ft. This 
diagram may be used in calculating 
pipe thicknesses. 


Truck Load and Impact 


In addition to consideration of back- 
fill load, the external load includes al- 
lowance for truck traffic based on two 
trucks passing each other with adjacent 
rear wheels 3 ft apart and a load of 
9,000 Ib on each rear wheel, plus 50 
per cent impact. This load is multi- 
plied by a surface load factor for each 
pipe size which depends upon the depth 
of backfill to the top of the pipe. The 
resulting load per foot is then modi- 
fied, depending on laying condition. 
Generally, truck load dominates for 5 
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ft or less of cover and water hammer 
for deeper cover. The truck load on 
the pipe decreases rapidly as depth of 
cover increases. 

Because the chance is remote that 
water hammer and truck load would 
occur simultaneously, only the condi- 
tion which demands the greater pipe 
wall thickness is used. In design of 
gas pipe, truck load allowance is made 
for all calculations, as obviously there 
is no need to consider any hammer 
effect. 


Pipe Wall Thickness 


The strength of pipe in crushing 
when tested by a center load in three- 
edge bearing (see Fig. 3) is expressed 
as modulus of rupture, R, and is calcu- 
lated by the formula: 


_ 0.0795(d + t)W 


R 


in which d is the ID of the pipe, in 
inches; t is the average thickness, in 
inches ; and W is the breaking load, in 
pounds. 

When a sufficient number of tests 
have been made on pipe of a certain 
type of manufacture, in a range of sizes 
and thicknesses, a definite value of R 
can be set for that product. The 
crushing strength of any size or thick- 
ness of pipe of this type can then be 
determined by the transposed formula : 


Re 


90795(d + 0) 


Similarly, the bursting tensile 
strength of pipe of a certain type is 
obtained by numerous tests, as previ- 
ously explained. When the minimum 
tensile strength value of the type of 
pipe is determined, then the bursting 
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pressures may be calculated for all 
classes and sizes of pipe of this type 
by the formula: 


2St 


in which P is the bursting pressure in 
pounds per square inch, and S$ is the 
minimum tensile strength value of the 
general type. 

The equations used in determining 
pipe thicknesses are too involved for 
direct mathematical solution. Using 
the above formulas, however, and sub- 
stituting in the combined load-pressure 
equation, a solution can be obtained by 
trial and error. 

The load-pressure equation is: 


in which W is the ultimate crushing 
load, converted to equivalent 3-edge 
bearing value, in pounds per linear 
foot; P is the ultimate bursting pres- 
sure, in pounds per square inch; and 
w and p are the crushing load and in- 
ternal pressure, respectively, which, 
acting together, are just sufficient to 
cause failure. 

In using the above equation, a rea- 
sonable pipe thickness is assumed and, 
after other values are calculated, the 
right-hand term must just be equal to 
or slightly larger than the left-hand 
term for a correct solution to obtain 
net thickness. To the net (or design) 


thickness must be added corrosion al- 
lowance and foundry tolerance. 
Other methods for determining pipe 
thicknesses include plotting curves and 
estimating thicknesses by interpolation, 
and use of the squared scale. 


The 
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easiest and most rapid of all methods 
is the use of the nomographic system 
developed by C. K. Donoho, chief 
metallurgist of American Cast Iron 
Pipe Company. In this method, a 
straightedge connecting total external 
load to total internal pressure ordinates 
passes through approximate parallel 
lines representing thickness values 
which can be easily picked off, as 
shown in Fig. 7. 


Corrosion and Foundry Tolerance 


The second term of the Brackett, 
Fanning, and Fairchild formulas was 
a rule-of-thumb attempt to provide for 


TABLE 2 


Maximum Foundry Tolerances 


Centrifugal 


Nominal Diam. Pit Cast Process 
in. 

Tolerance—in. 

3-8 0.07 0.05 
10-12 0.08 0.06 
14-24 0.08 0.08 
30-60 0.10 0.10* 


* For 30-48 in. only. 


handling, foundry tolerance, corrosion 
or any similar indeterminate factor. It 
had ro scientific basis. 

Committee A21 made an extensive 
study of the corrosion of cast-iron pipe 
in long-time service and, as a result, 
a corrosion allowance of 0.08 in. was 
decided upon for the standard calcula- 
tion. This allowance, which is gener- 
ous (except under unusually corrosive 
conditions), is added to the net thick- 
ness. If corrosive conditions are well 
known, the allowance may be greater 
or less for certain environments. 
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TABLE 3 
Standard Pipe Wall Thickness Classes* 


Nominal Pipe Wall Thickness (in.) for Standard Thickness Class No: 

Diameter 

mn. 20 21 22 23 | 24 iz 27 | 28 | 29 | 30 

3 — — | 0.32 | 0.35 | 0.38 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 6.60 
4 0.32 | 0.35 | 0.38 | 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 0.60 | 0.65 
6 0.32 | 0.35 | 0.38 | 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 0.60 | 0.65 | 0.70 
8 0.35 | 0.38 | 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 0.60 | 0.65 | 0.70 | 0.76 
10 0.38 | 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 0.60 | 0.65 | 0.70 | 0.76 | 0.82 
12 0.41 | 0.44 | 0.48 | 0.52 | 0.56 | 0.60 | 0.65 | 0.70 | 0.76 | 0.82 | 0.89 
14 | 0.43 | 0.48 | 0.51 | 0.55 | 0.59 | 0.64 | 0.69 | 0.75 | 081 | 0.87 | 0.94 
16 0.46 | 0.50 | 0.54 | 0.58 | 0.63 | 0.68 | 0.73 | 0.79 | 0.85 | 0.92 | 0.99 
18 0.50 | 0.54 | 0.58 | 0.63 | 0.68 | 0.73 | 0.79 | 0.85 | 0.92 | 0.99 | 1.07 
20 0.53 | 0.57 | 0.62 | 0.67 | 0.72 | 0.78 | 0.84 | 0.91 | 0.98 | 1.06 | 1.14 
24 0.58 | 0.63 | 


| 

0.68 | 0.73 | 0.79 | 0.85 | 0.92 | 0.99 | 1.07 | 1.16 | 1.25 
| 
| 


30 0.68 | 0.73 | 0.79 | 0.85 | 0.92 | 0.99 | 1.07 | 1.16 | 1.25 | 1.35 | 1.46 
36 0.75 | 0.81 | 0.87 | 0.94 | 1.02 | 1.10 | 1.19 | 1.29 | 1.39 | 1.50 | 1.62 
42 | 0.83 | 0.90 | 0.97 | 1.05 | 1.13 | 1.22 | 1.32 | 1.43 | 1.54 | 1.66 | 1.79 
48 =| 0.91 | 0.98 | 1.06 | 1.14 | 1.23 | 1.33 | 1.44 | 1.56 | 1.68 | 1.81 | 1.95 


| | | | | | | | 


* Italicized numerals indicate minimum thicknesses for 18/40 pipe in accordance with ASA specifications 
A21.6, A21.7, A21.8, and A21.9. Other thicknesses shown for classes 20 and 21 can be furnished in iron pipe of 
higher tensile strength. 


Foundry tolerance for pipe thick- manufacture and handling hazards. 
nesses depends somewhat upon the The calculated thicknesses in small- 
method of manufacture. Recom- diameter pipe may be appreciably less 
mended tolerances are shown in Table than the minimum standards, in which 
2. As these allowances vary according the minimum class thickness governs. 
to the manufacturing process used and After the calculated thickness has been 
the control exercised, the allowances established, reference must be made to 
may be either greater or less than the the standard class thickness to select 
suggested figures. that nearest the calculated thickness. 


Some engineers specify minimum Standard class numbers have been 
calculated thicknesses including corro- established for wall thicknesses in all 


sion allowance but not tolerance, and pipe sizes. Those for cast-iron pipe 
pera foundries to cast as —~ to centrifugally cast are shown in Table 
the (but less ) as their 3 The thicknesses of successive 
pers. classes are 8 per cent greater in each 
The net design thickness plus cor- ' 
: : case than those of the next lower class. 
rosion allowance plus tolerance is the 
. . These classes were established to pre- 
calculated thickness which can be used one eT F 
for manufacture or adjusted to the vent the necessity of stocking pipe of 
nearest standard-class thickness. too many different wall thicknesses. 
Calculated thicknesses are adjusted 
Standard Thickness Classes to the nearest class thickness. These 
Minimum thicknesses have been de- class thicknesses should be specified in 
termined on the basis of economical ordinary practice. In long lines, how- 
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ever, or when pipe of large diameters 
is used, it may be more economical to 
employ the calculated thickness rather 
than standard class thicknesses. In the 
majority of installations, published 
thicknesses for a variety of load and 
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pressure conditions will suffice. For 
unusual conditions, however, the law 
of design can be used to calculate thick- 
nesses required. Figure 8 shows a 
comparison of the new ASA specifica- 
tions and the older standards. 


Current Specifications 


Crowning the achievements of ASA 
Sectional Committee A21 was the ac- 
ceptance of the A21 series of specifica- 
tions by the four sponsoring associ- 
ations in 1952 and 1953. The speci- 
fications now available are listed in 
Table 4. As is seen, an easily remem- 
bered numerical cross reference was 
evolved. Methods of manufacture, 
strength values, and specification num- 
bers are shown. 

As has been previously noted, the 
revised AWWA specifications of 1908 
are now AWWA C100 and cover only 
bell-and-spigot fittings. 


Bell-and-Spigot Pipe 


The new ASA specifications for bell- 
and-spigot water pipe provide for pipe 
to be made so that it will readily con- 
nect with any pipe previously furnished 
to older AWWA or federal specifica- 
tions. ASA outside diameters are re- 
lated to AWWA specification sizes in 
Table 5. 

Pipe of 4-12-in. sizes can be pro- 
duced to Class D or alternative di- 
ameters, resulting in a gain in hy- 
draulic capacity and only a slight re- 
duction in fittings joint space. These 
diameters, however, are rarely used. 

All pipes of 4-12-in. size, regardless 
of outside diameter, are used with 
AWWA C100, Class D, or C110, 
Class 250, short-body fittings. For 
14-24-in. sizes, two classes of AWWA 


fittings are available—B and D. Nor- 
mally the Class B fittings rated at 86 
psi are used (with the exception of 
some wyes and full-opening tees and 
crosses) with up to 100-psi working 
pressure for pipe made on the B pat- 
tern. Above this pressure, AWWA 
Class D fittings (rated at 173 psi at 
present) are used for pipe made from 
the larger diameters, or D patterns. 

For pipe of 30 in. and larger, cen- 
trifugally cast and made to B diame- 
ter, either Class B bell-and-spigot or 
Class D all-bell fittings can be used, 
although the joint space on the D fit- 
tings is quite thick. Fittings of both 
classes can be made to AWWA C100 
or manufacturer’s standard short-body 
fittings. Very often Class “B/D” fit- 
tings are used—this designation signi- 
fying a fitting of D metal thickness 


with Class B_ socket and _ spigot 
diameters. 
Bell-and-spigot pit-cast pipe for 


water in sizes of 30-60 in. is pro- 
duced on AWWA patterns A, B, C, 
D, E, and F with outside diameters 
determined by the wall thickness of the 
pipe in accordance with ASA specifi- 
cations A21.2. 

Class 150 bell-and-spigot pipe in 
sizes of 14-24 in., produced to B di- 
ameter for use with Class B fittings, 
is very popular in filtration and sew- 
age treatment plants where pressures 
are relatively low. As fittings are the 
most expensive part of a line, the use 
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1.40 a 
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Pipe Wall Thickness — in. 


= 


0.60 
0.20 | 
34 6 8 10 12 14 16 18 20 24 30 36 42 48 
Pipe Diameter —in. 
Fig. 8. Pipe Wall Thickness Comparison Graph 


Pipe wall thicknesses for 150-psi working pressure plus water hammer, 5-ft cover, 
laying condition B, are shown for the following specification designs: 

A—ASA A21.2 pit cast, 11/31 metal strength 

B—AWWA 1908 Class B, pit cast 

C—ASA design centrifugally cast, 21/45 metal strength 

D—ASA A21.6 and A218 centrifugally cast, 18/40 metal strength. 


of Class B fittings, in such cases, re- 
duces the weight considerably and is 
therefore more economical. 

With long supply lines involving 
comparatively few fittings, the higher 
cost of pipe of a larger diameter must 
be balanced economically against the 
increased capacity of the line. 

As can be seen, pressure ratings of 
pipe far exceed those of fittings ; how- 
ever, the above usage is common prac- 
tice. The AWWA specifications C100 
are an interim recommendation, as 
Sectional Committee A21 has been un- 
able to complete the specifications on 
fittings, except for 3-12-in. short-body 
type for 250-psi maximum working 
pressure, plus water hammer. It is 


hoped the specifications for fittings, 
based on further tests, will be forth- 
coming in a year or two and will re- 
solve questions of matching fittings 
with pipe, as to both strength and joint 
space. High-strength nodular iron 
may offer some solution to these prob- 
lems, as well as strengthening wyes 
and certain tees and crosses. 


Mechanical and Roll-On Joint Pipe 


Mechanical-joint pipe, although 
originally designed for gas, is now the 
most widely used pipe for water and 
other liquid service. For water serv- 
ice, the mechanical joint must be speci- 
fied when referring to a water pipe 
standard. For centrifugal pipe, the 
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best procedure is to specify ASA 
A21.6 or ASA A21.8, with standard- 
ized mechanical joint (ASA A21.11) 
or Federal Specifications WW-P-421a, 
Type II joint. The A21.11 specifica- 
tions cover the joint only, not the pipe 
barrel. The dimensions of standard- 
ized mechanical-joint bells are shown 
in ASA A21.11. 
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Standardized mechanical-joint and 
roll-on joint pipe are produced to only 
one diameter for each size. These di- 
ameters correspond to the ASA stand- 
ard diameters in sizes of 3-12 in. and 
30-48 in., and to the alternate ASA 
diameters in sizes of. 14—24 in. 

There are some slight variations in 
wall thicknesses of gas pipe as com- 


TABLE 4 


Current Specifications for Cast-Iron Pipe 


| 


Specifications 


| | Min. Design Values 


1,000 psi 
asa | awwa | | Modu 
A21.1 C101 | Computation of strength and thickness — 
of cast-iron pipe 
A21.2* | C102 | Cast-iron pipe, pit-cast, for water or| 12 | 11 31 
other liquids 18§ 40§ 
A21.4 C104 | Cement-mortar lining for cast-iron pipe - — — 
and fittings | 
A21.6t Ci06 | Cast-iron pipe, centrifugally cast, in metal 12 18 40 
molds, for water or other liquids | and 18 
A21.8t C108 | Cast-iron pipe, centrifugally cast in sand- | 16, 18 40 
lined molds, for water or other liquids 164 21§ A5§ 
and 20 
A21.10 C110 | Short-body cast-iron fittings, 3-12 in., for — | 
| 250-psi water pressure plus water ham- 
| mer 
A21.11 C111 | Mechanical joint for cast-iron pressure | 
pipe and fittings 


* Corresponding specifications for gas are ASA A21.3. 

+t Corresponding specifications for gas are ASA A21.7. 

t Corresponding specifications for gas are ASA A21.9. 

§ Strength values exceed ASA minimum, but are those most used to design pipe in accordance with ASA A21.1. 
This is also true of pipe designed according to corresponding gas specifications A21.9. 


AWWA outside diameters and 
short-body fitting classes are shown for 
both mechanical-joint and roll-on joint 
pipe in Table 6. 

It is necessary that any connection 
between  bell-and-spigot pipe and 
mechanical-joint pipe be carefully 
checked to insure matching. There is 
only one class of fittings for each size 
of mechanical-joint pipe, although some 
manufacturers will furnish heavier- 
wall fittings where required. 


pared to water pipe. Therefore, when 
centrifugally cast gas pipe is required, 
ASA specifications A21.7 or A21.9 
should be used with standardized me- 
chanical joint (ASA A21.11). 
Mechanical-joint pit-cast pipe is 
produced on AWWA pattern B in 
sizes of 30-48 in. inclusive, using 
ASA A21.2 thicknesses. At the pres- 
ent time 48 in. is the largest diameter 
of mechanical-joint pipe available. 
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Use of ASA Tables 


In using the ASA pipe tables, the 
following procedure is advised: 


1. Determine internal operating 
pressure, laying condition, strength, 
depth of cover, and whether the truck 
load or water hammer factor is to be 
used. 

2. Select the proper thickness from 
the table for the combination of work- 
ing conditions. 

3. By determining what class of fit- 
ting (in bell and spigot) is to be used, 
select pipe of the correct pattern to 
socket the fittings. 

4. Refer to class number for thick- 
ness required and specify pipe accord- 
ing to class and outside diameter. 


TABLE 5 
Outside Diameters for Bell-and-Spigot Pipe 
ASA Specifications 


Nominal Diam. = (AWWA Working Pressure 


of Pipe lasses) psi 
3 3.96 in. all pressures 
4, 6 Class A all pressures 
8, 10, 12 Class B all pressures 
14-24 Class B 50, 100 
14-24 Class D 150-350 
30-48 Class B 50-250 


For those who prefer to continue using 
a certain thickness of pipe to some 
older specification, it is only necessary 
to determine and specify the nearest 
ASA standard class to the thickness 
required. 

To specify bell-and-spigot pipe, de- 
termine the above and, as an example, 
specify as follows: 16 in. ASA A21.6 
or A21.8, 18/40 metal, Class 22, AB 
pattern; or, for standardized mechani- 
cal-joint pipe: 16 in. ASA A21.7 or 
A21.9, 18/40 metal, Class 22. 

For purposes of illustration, let it be 
supposed that 30-in. bell-and-spigot 
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pipe is needed in a city water distribu- 
tion system for 150-psi working pres- 
sure, 3 ft of cover, laying condition B, 
with allowance for water hammer. 
The design conditions should be de- 
tailed, and the various specifications 
under which the material could be 
furnished are as follows: 

1. Pipe to be centrifugally cast with 
thickness designed in accordance with 
the modified Fairchild formula, as used 
in Federal Specifications WW-P-421. 

2. Pipe to be centrifugally cast with 
thickness designed in accordance with 
ASA A21.8 with 18/40 metal, or 
higher (centrifugally cast pipe can be 
furnished in 18/40 or 21/45 metal). 


TABLE 6 


OD and Fitting Classes for Standardized 
Mechanical-Joint and Roll-On Joint Pipe 
(Centrifugally Cast or Pit Cast) 


Nominal OD 
Diam. (AWWA 
in, Classes) Short-Body Fittings 
3 3.96 in Class 250 (ASA A21.10) 


4+-6 Class A 
8-12 Class B 


Class 250 (ASA A21.10) 
Class 250 (ASA A21.10) 
14-24 Class B Class 150 Short Body* 
30-48 Class B-Class 150 Short Body* 
* This is an industry standard, and manufacturer 
should be consulted for pressure rating. Where desired, 
manufacturers will furnish heavier-bodied fittings for 
higher working pressures. 


3. Pipe to be pit cast with wall 
thickness designed in accordance with 
A21.2 with 11/31 metal, or 
higher (some pit-cast pipe manufac- 
turers now offer both 11/31 and 18/40 
pipe ). 


In the above examples, pipe used 
should be of the thicknesses shown in 
Table 7. As the table indicates, a vari- 
ety of thicknesses may be used and the 
customer may be penalized unless he 
can familiarize himself with the speci- 
fications and know what to use. 
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The higher strength values result in 
a reduction in wall thicknesses and 
increased economy, or, when used in a 
specification for a heavy wall, in 
greater factors of safety. 

A national survey indicated that 
pipe furnished for cover of up to 5 ft 
would be satisfactory for most normal 
pipe cover in almost all states. Detail 
tables have therefore been published 
for this cover, under various pressures, 
for laying conditions A, B, C, and D, 
and for the several strengths of iron 
available. 

There will of necessity be a transi- 
tion period from all old standards to 
the modern specifications. It is ear- 
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techniques of using the charts and 
tables of the newer specifications. The 
problem is to determine the wall thick- 
ness of a 24-in. pipe for the following 
conditions: 100-psi working pressure ; 
5-ft cover depth plus truck load; lay- 
ing condition B; using 18/40 metal. 
Charts and tables should be used as 
noted. 


External Loads 


1. On the chart shown in Fig. 6, a 
tracing of the 24-in. curve to the co- 
ordinates representing 5-ft cover depth 
shows an earth load of 2,011 Ib per 
linear foot. 

2. Allowing 9,000 Ib per wheel plus 


TABLE 7 


Metal and Thicknesses Used in Cast-Iron whi 


| 


Nominal 
I Dies. Class Casting Method 
in. 
16 30 150 centrifugal 
16 30 150 centrifugal 
16 30 150 centrifugal 
12 30 150 pit cast 
12 30 150 pit cast 


* ASA A21.8 shows only . 40 metal and A21.2 only 11/31 metal. 
A21.1. 


to design according to ASA 


nestly hoped by the manufacturers that 
this can be accomplished with a mini- 
mum of confusion. The detailed tables 
published by ASA, AWWA, and vari- 
ous manufacturers are quite easy to 
follow. Once established it is believed 
that the more recent specifications will 
ultimately offer a greater aid to engi- 
neers and designers and_ increased 
flexibility with which to meet the many 
varied operating conditions. 


Sample Calculation 


A sample calculation is offered in 
order to familiarize the reader with the 


Specifications Thickness 
modified Fairchild | : 
formula | 0.89 
ASA A21.8 | 18/40 0.79 
ASA A?21.1 | 21/45* | 0.73 
ASA A21.2 11/31 1.10 
ASA A21.1 18/40* | 0.79 


Metal of greater strengths may be used 


4,500 Ib per wheel for impact (50 per 
cent), and referring to the surface load 
chart shown in Fig. 9, which indicates 
a factor of 0.067 for 24-in. pipe with 
5-ft cover, the surface load for two 
passing trucks is calculated as 905 Ib 
per foot. 

3. Referring to Table 8, it is found 
that, for the conditions specified, 85 
per cent of the calculated truck load 
represents the actual truck load, or 769 
Ib per foot. 

4. Adding the earth load (2,011 Ib) 
to this figure, the result is 2,780 Ib 
per foot. 


1- 
4 
r. 
1S 
e 
h 
h 
d 
h 
h 
r 
e 

| 
| 
| 
) 

| 
] 


886 JACK W. MACKAY Jul. 1956 


5. Referring to Table 9, the factor per linear foot. (The total external 
for correction to three-edge bearing is load without allowance for truck load 
found to be 1.52. Dividing 2,780 Ib is 2,011 divided by 1.52 times 23, or 
by this factor, the equivalent three- 3,307 Ib per linear foot.) 
edge bearing load is 1,829 Ib per linear 
foot. 

6. Using the fixed safety factor of 
23, the total external load, corrected 1. Adding 85 psi (see Table 1) for 
for all specified conditions, is 4,572 Ib water hammer allowance to the 100-psi 


Internal Pressure 


fort 

_| | | wheels of two possirg 

\ trucks, whose wheels ore 
T 6+0"c.c. Irside wheels of 


/4 


pgssing trucks are 3 
| "f¥fective lergth” of 3-0" 
| | {| | | Class B pipe. 


| | | 400d, in pourrds per linear 
| due fo static surfoce 


TRANSMITTED 
OF ONE WHEEL LOAD 


# 

\ 


y 
h 


STRATION OF TRANSMISSION AT DEPTH 3FT OF 
SUREAC LOAD FROM REAR WHEELS OF TWO PASSING TRUCKS 


Depth cover, freer 


| 


Q05 ; Qa20 O25 
Surface load factor 


Fig. 9. Surface Load Factors for Two Passing Trucks 


Chart shown is Fig. 9 of ASA A21.1 (p. 14). Two passing trucks are assumed, with 

rear axles over the pipe at the same time, adjacent wheels of the two trucks 3 ft apart 

(center to center), and load on each rear wheel 9,000 lb. To the load thus obtained, 

50 per cent is added for impact of the moving trucks over a road or trench surface 
assumed to be rough. 
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working pressure, and multiplying by 
the factor of safety of 2}, the internal 
pressure is found to be 463 psi. (If 
hammer allowance is not made, the 
pressure, corrected for safety, is 250 


psi. ) 
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2. Having determined the total ex- 
ternal load (step 6 above) and the 
total internal pressure, it is now pos- 
sible to apply the load-pressure thick- 
ness nomogram shown in Fig. 8. The 
net pipe wall thickness with truck load 


TABLE 8 


Percentage of Calculated Truck Load Used for Various Field Conditions* 


| 24-34-ft Cover 


4-7-ft Cover 


| 


| 
8-10-ft Cover | More Than 10-ft cover 


ate Laying Conditions 
A,B,E,F| C&D |A,B,E,F| C&D |A,B,E,F| C&D |A,B,E,F| C&D 
42 100 78 100 84 100 90 100 95 
14 2.) 8 100 84 100 90 100 95 
16 | 88 78 95 | 84 100 90 100 95 
18 | 85 78 90 84 100 90 100 95 
20 83 78 90 84 95 90 100 95 
24-30 81 78 85 84 95 90 100 | 95 
36-60 80 78 85 84 90 90 100 | 95 
* From Table 3, ASA A21.1. 
TABLE 9 
Ratics to Three-Edge Bearing* 
Nominal Laying Conditions 
of Pipe | | 
m. A B ( D E F 
3 1.15 1.28 0.19 | o82 | 150 | 1.74 
4 1.15 1.29 0.22 0.82 1.50 1.75 
6 1.15 1.32 0.31 0.83 1.50 1.78 
8 1.15 1.34 0.40 0.84 1.50 1.80 
10 1.15 1.36 0.50 0.86 1.50 1.83 
12 1.15 1.38 0.60 0.88 1.50 1.85 
14 1.15 1.41 0.67 0.91 1.50 1.88 
16 1.15 1.43 0.73 0.95 1.50 1.90 
18 1.15 1.45 0.78 0.98 1.50 1.93 
20 1.15 1.47 0.81 1.01 1.50 1.95 
24 1.15 1.52 0.87 1.07 1.50 2.00 
30 1.15 1.58 0.93 1.14 1.50 2.07 
36 1.15 1.64 0.96 1.19 1.50 2.14 
42 1.15 1.69 | 0.98 1.23 1.50 2.20 
48 1.15 1.72 0.99 1.25 1.50 2.25 
54 1.15 1.75 0.99 1.28 1.50 2.29 
60 1.15 £97 1.00 1.31 1.50 2.31 
* From Fig. 3, ASA A21.1. 
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and without water hammer is 0.51 in. 
Adding to this 0.08 in. as the specified 
constant corrosion allowance, and 0.08 
in. for foundry tolerance (as deter- 
mined from Table 2), the calculated 
design thickness is 0.67 in. Referring 
to Table 3 this is found to correspond 
to Class 22. 
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Tentative Standard Specifications for 
Dimensions for Steel Water Pipe Fittings 


Scope. This standard covers overall dimensions for steel water pipe fittings. 
It is not intended to cover thickness, shape, welding, attachments, and tolerance 
of fittings. 

Size. The “size” of the fittings in the following tables is identified by the 
corresponding “nominal pipe size,” and may be either inside diameter or outside 
diameter, depending upon the purchaser’s requirements. 
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2-Piece Elbow 


0-30 deg 3-Piece Elbow 


31-60 deg 


B 


4-Piece Long-Radius Elbow 


4-Piece Elbow 


61-90 deg 


LJ. 
| 


-- 


Tee True Wye — 45-deg 
Lateral 
45-deg min; 75-deg max 
- 
| 
| | 
' 
. 
' 
' 
Cross Reducer 


Fig. 1. Steel Water Pipe Fittings, Class 125, for Service in Piping Systems in 
Water Works or Industrial Plants 
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2-Piece Elbow 
0-22.5 deg 


Diam > 
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4-Piece Elbow 
45-67.5 deg 


895 


5-Piece Elbow 3-Piece Elbow 
67.5-90 deg 22.5-45 deg 
| | 4 
Angle 
(/ 
E € 
2 
a a 
+ 
Lateral 


J 


| 
| | | 


Cross 


45 deg min; 75-deg max 


True Wye - 45-deg 


Fig. 2. Steel Water Pipe Fittings for Service in Transmission or 


Distribution Main Systems 


D is the inside diameter of the pipeline, and d is the nominal diameter of the blowoff 
requirements. For details of 


connection. L may be varied slightly to suit specific 


flanges, see AWWA C207. For details of bells and spigots, see Table 4. 
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TABLE 3 
Dimensions for Welded-Steel Tangent-T ype Blowoffs 


| 
D W=2+15 in. 
t 


All Fillet Welds to be 
Continuous and Equal 
to t or t,, Whichever 


is the Least Zz 
' 
= Square or Beveled End Flanged End Spigot End Bell End 
einforcing 
Plate 
Section 
Reduced Scale 
= | d= | d= | d= | d= d= | d= | d= d= | d= 
D 4 in. 6 in. 8in. | 10in. | 12 in. D 4 in. 6 in. 8in. | 10in. 2 in. 
im im 
L—n, L—in 
24 19 at... 22 22 22 | 63 | 28 31 34 35 37 
27 20 22 | #24 24 24 | 66 28 31 34 36 38 
30 a. 61S 25 25 25 | 69 29 32 35 37 39 
33 22 | 24 | 26 | 26 | 26 | 72 29 | 33 | 35 | 38 | 39 
3 «| 22 | 25 | 27 | 28 | 28 | 75 | 30 | 33 | 36 | 39 | 40 
39 29 78 | 30 34 37 39 | «41 
42 24 26 28 | 30 30 81 31 34 | 37 | 40 41 
45 24) 27 | 29 | 31 31 84 | 3i 35 | 38 | 40 | 42 
48 25. i 28 30 | 32 33 87 | 31 3S i 3 41 43 
51 25 | 28 31 32 33 90 | 32 36 39 42 43 
54 26 29 32 33 34 93 32 ae oe Se 
57 27 30 33 34 35 96 33 37 40 | 43 45 
60 27 30 33 35 36 99 33 37 40 | 43 45 
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6-in. = 


TABLE 3 ALTERNATE 
Dimensions for Welded-Steel 
Vertical-T ype Blowoffs 


Nominal Outside | Pipe 
Pipe Size* Diameter | Thickness 
in. in. 
ASME Code ve | 
Outlet 
~ - — 6 6.63 0.432 
8 | 863 | 0.322 
J 3-in. Nipple | 


Blind Flange 


or Welding 


Neck Flange * The 4-in. and 6-in. pipe is extra strength; the 8-in. 


and 12-in. is standard. 


90°-deg Short Radius 
Welding Elbow 


TABLE 4—Dimensions for Steel Pipe Ends for Connections to Cast-Iron Bell-and-Spigot Pipe * 


tin: 
t (£-in. max) t 
| 
e——> 
Zin. 
ees 
aos 
$22 0.40 in. 
f 85 in. 
§ 
Spigot End Bell End 
Steel Bell-and-Spigot Dimensions—in. 
Nout. Out- Bell End Spigot End 
nal Thickness | side |—— |— 
Diam. | Diam | b | h k 
3 0.37-0.45 | 3.80 53 4.60 H | 3.50 24 i 3 33 5 
0.46-0.53 3.96 53 4.76 3 3.50 24 ye ; 4 5 
4 0.40-0.45 4.80 53 5.60 3 3.50 24 * 3 43 5 
0.46-0.55 | 5.00 54 5.80 3.50 24 3 5 
6 0.43-0.50 6.90 53 7.70 3 3.50 24 Ps 3 6} 5 
0.51-0.60 | 7.10 54 7.90 3 3.50 24 ?s 3 7% 5 
0.61-0.66 | 7.22 6 8.02 3 4.00 24 Cd ; 7} 54 
0.67-0.74 7.38 6 8.18 3 4.00 24 ca 3 73 53 


* Dimensions are based on American Standard - for Cast-Iron Pit-Cast Pipe for Water or Other 
Liquids—ASA A21.2 (AWWA C102) and AWWA C100. 


| Side Diameter — 

| 

po 


898 AWWA SPECIFICATIONS Jul. 1956 


TABLE 4 (contd.)—Dimensions for Steel Pipe Ends for Connections to 
Cast-Iron Bell-and-Spigot Pipe * 


Cast-Iron Pipe 


Dimensions—in. | Steel Bell-and-Spigot Dimensions—in. 


chan, Out- Bell End Spigot End 
8 | 0.46-0.57| 9.05} 6 | 985) 1 | 4.00 | 24 + | 4] 9 5} 
0.58-0.70 | 9.30! 6 | 10.10) 1 4.00 | 2 | & | 
0.71-0.76 | 9.42) 6 10.22; 1 4.00 | 24 1 b | 5h 
0.77-0.85 | 9.60) 6 10.40) 1 | 4.00 | 24 | 93 54 
10 | 0.50-0.60/ 11.10) 6 | 11.90! 1 4.00 | 24 | 11, | 54 
0.61-0.75 | 11.40) 6 | 12.20) 1 4.00 | 113 54 
0.76-0.85 | 11.60) 64 | 12.40 | 1 4.50 | 23 , iva 11 6 
0.86-0.97 | 11.84) 6} | 12.64 1 | 4.50 | 24 } | 113 | 6 
12 | 0.54-0.65 | 13.20; 6} | 14.00) 1 | 4.00] 23 
0.66-0.80 | 13.50} 6} |14.30/ 1 | 400] 2 | | 4 | 134 | 6 
0.81-0.94 | 13.78 | 6} | 14.58) 1 24 | 4 | 4 | 132 | 6 
0.95-1.09 | 14.08} 64 | 14.88) 1 4.50 | 24 | z+ | § | 143 6 
14 | 0.54-0.62 | 15.30] 6 16.10} 1 4.00 | 23 | 54 
0.63-0.87 | 15.65 | 6 16.45| 1 4.00 | 2} | & | 5} 
0.88-1.04 | 15.98] 64 |16.78| 1 | 450] 28 | § | 4 | 16 | 6 
1.05-1.21 | 16.32] | 17.12] 1 | 450] 24 | | | 6 
16 | 0.58-0.67 17.40 | 6 18.40} 1 4.00 | 24 1 | g | 1728 | 53 
0.68-0.95 | 17.80} 6 18.80; 1 4.00 | 24 173 | 54 
0.96-1.13 | 18.16} 64 | 18.96! 1 4.50 | 24 6 
1.14-1.32 | 18.54/ 6} | 19.34] 1 4.50 | 2 184 | 6 
18 | 0.63-0.72 | 19.50) 6 20.50} 1 4.00 | 2 } } 19} 5} 
0.73-1.01 | 19.92} 6 20.92| 1 4.00 | 24 1948) 54 
1.02-1.22 | 20.34) | 21.14] 1 4.50 | 2 | 203%;| 6 
1.23-1.44 | 20.78 | 64 | 21.58| 1 4.50 | 24 | 4 | 203 | 6 
20 | 0.66-0.82 | 21.60!) 6 22.60} 1 | 4.00 | 2 2 | 3 | 21% 54 
0.83-1.08 | 22.06| 6 23.06; 1 | 4.00 | 24 | 54 
1.09-1.32 | 22.54] 64 | 23.34) 1 | 4.50] 24 | | 224 | 6 
1.33-1.56 | 23.02] 64 | 23.82) 1 | 450/ 26 | % | 4 | 23 6 


* Dimensions are based on American Standard Specifications for Cast-Iron Pit-Cast Pipe for Water or Other 
Liquids—ASA A21.2 (AWWA C102) and AWWA C100. 
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TABLE 4 (contd.)—Dimensions for Steel Pipe Ends for Connections to 
Cast-Iron Bell-and-Spigot Pipe* 


Steel Bell-and-Spigot Dimensions—in. 
Nomi- Out- Bell End Spigot End 
nal Thickness side |— 
Diam. Daim. | b | | h k 
24 | 0.74-0.92 | 25.80] 6 | 2680) 1 | 4.00 | 24 | 253 | 54 
0.93-1.21 | 26.32] 6 | 27.32] 1 | 4.00 | 25 | 26%! 54 
1.22-1.50 | 26.90| 7 | 27.90} 1 | 5.00 | 2} t | 4 | 265 | 68 
1.51-1.93 | 27.76] 7 | 2856) 1 | 5.00 | 2) | 3 272 | 63 
30 | 0.87-0.92 | 31.74] 64 32.74] 1 | 4.50 | 24 1 | | 312 | 6 
0.93-1.05 | 32.00| 64 | 33.00} 1 | 4.50 | 23 | 3 32 | 6 
1.06-1.18 | 32.40] 6} | 3340] 1 | 4.50 | 2} 
1.19-1.42 | 32.74] 64 | 33.74] 1 | 4.50] 24 | 3 323 | 6 
1.43-1.60 | 33.10| 7 | 34.10) 1 | 5.00 | 23 + | | 338 | 68 
1.61-1.78 | 33.46| 7 | 34.46] 1 | 5.00 | 24 | 4 | 338 | 68 
36 | 0.97-1.03 | 37.96| 6} | 38.96} 1 | 4.50 | 25 | 4 38 | 
1.04-1.20 | 38.30] 6} | 39.30) 1 | 4.50 | 2} + | | 383 | 6 
1.21-1.40 | 38.70] | 39.70; 1 | 4.50] 23 } 4 | 383 | 6 
1.41-1.63 | 39.16] 6} | 40.16; 1 | 450 | 2} 
1.64-1.85 | 39.60| 7 | 40.60; 1 | 5.00 | 24 | | 398 | 6} 
1.86-2.07 |40 04) 7 | 41.04) 1 | 5.00 | 24 4 | 40 | 63 
42 | 1.07-1.15|44.20| 7 | 45.20; 1 | 500] | 3 | 4 | 443 | 69 
1.16-1.30 | 44.50} 7 45.50} 1 | 5.00 | 2% t | 4 | 444] 68 
1.31-1.57| 45.10| 7 |4610} 1 | 5.00| 28 | 3 | 3 | 454 | 64 
1.58-1.84 | 45.58] 7 | 46.58| 1 | 5.00 | 24 t | 4 | 458 | 
48 | 1.18-1.30/ 50.50! 7 | 51.50) 1 | 5.00 | 2 + | | Soe] 68 
1.31-1.45 | 50.80) 7 | 51.80] 1 | 5.00 | 24 | | 508 | 6 
1.46-1.72| 51.40| 7 | 5240) 1 | 5.00 | ar 513 | 6} 
1.73-2.04 7 |5298| 1 | 500] 28 | | 4 | 582 6} 
54 | 1.30-1.38 | $6.66| 74 | 57.66| 1 | 5.50 | 2 | Sof | 7 
1.39-1.60 | 57.10| 7} | 58.10} 1 | 5.50) | } | sma | 7 
161-189 | 5780| 7} |5880| 1 | 550) 2) | } | 572] 7 
1.90-2.25 | 58.40) 7} 59.40; 1 5.50 2%. | } 4 | 583] 7 
60 | 1.39-1.45 | 62. 74 | 63.80; 1 | 5.50) 24 | | 623 | 7 
1.46-1.75 | 63.40| 74 | 64.40} 1 | 5.50] 24 | | | 638 | 7 
1.76-2.15 | 64.20| 74 | 65.20; 1 | 5.50 | 24 | } | | 7 
2.16-2. 46 | 64.82 | 74 | 65.82) 1 5.50 | 2} 3 | 641 | 7 
| 


* Dimensions are based on American Standard Specifications for Cast-Iron Pit-Cast ot Pipe for Water or Other 
Liquids—ASA A21.2 (AWWA C102) and AWWA C100. 
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TABLE 5—Dimensions for 18-in. and 20-in. Welded-Steel Manholes * 


& Bolt Circle 


Half Plan 
> 
B.C > 
Flanges Drilled and 3-in Diam. Rod 
45 in. a u ea 
Faced After Welding 2 > Pipe Plug 
Gasket (Full-Face): 4 2 in 
*-in. Cloth-inserted Rubber. 
(Fed. Spec. HH-P-1516) c iin 122-in OO xi 
o N 
18-in OD x; in fA 
— - + 
Reinforcing Pad Shall Be Equal vend 
in Thickness to Pipe Shell 


Liner Optional 


38}-in. OD for 18-in. Manhole 
40i-in OD for 20-in Manhole 


Grind Flush 


3 
Section 
Working F.D. B.C. | Bol Bolt H 
i8-in. Manhole 
io | 16 1} 1} 
175 25 22? 175 16 1 1} 
225 28 242 13 24 } 13 
250 28 243 13 24 1} 3 
300 | 28 243 13 24 | 1} 13 
20-in. Manhole 
150 273 25 1} 1} | 1} 
175 273 25 1} 20 1} 1} 
225 304 27 13 24 i 
250 304 27 | | 1} | 1} 
300 304 27 13 24 | 1} 13 


* T: is } in. or may be coupon cut from main cylinder. For pipe slopes greater than 5 deg, the riser pipe is to 
be set vertical. The inside face of the manhole is to be flush with the finished interior pipe surface. F.D. stands 
for flange dimension, B.C. for bolt circle. 

t Working pressure is to be stamped on manhole by the fabricator with }-in. dies. 

¢ Hexagonal bolts and nuts are to be used. 


nr Pipe Axis 
47 “wy 
47 
4/ MA 
‘i \\ 
| 
il 
V 
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AQUA NUCHAR activated carbon goes to work immedi- 
ately—trapping bad taste- and odor-producing bodies on 
its many surfaces. As a result, water plant operators 
who use proper AQUA NUCHAR dosages in their water- 
purification techniques are sending good will through 
their lines in the form of sparkling, palatable water. 
lf your water contains odors of chlorine, fish, grass, 
cucumbers, etc., make plans now to feed adequate dos- 
ages of AQUA NUCHAR to produce palatable water at 
all times. 


Our Technical staff will, without obligation, make a sur- 
vey of your plant and make recommendations as to 
when, where and how you can best use AQUA NUCHAR 
activated carbon. 


GOOD CARBON: GOOD WATER-GOOD WILL 


CHEMICAL SALES. 


Broad & Chestnut Sts Phila 7,Pa. division west virginia pulp and paper company 


PER 33 
~ 
i 
4 
j 
New York Central Building ~ Pure Oil Building 
Wacker Drive, Chicage 1. 
Phila Nat'l Bank Bidg. S. Moreland Boulevard 
Cleveland 20. Ohio 
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there’s a cost iat 


All water meters are fine instruments. Any fine instrument loses accu- 
racy as it wears. Because ‘of this fact, written between the lines of 
any water meter price are two items you can't read for many years. 
Yet they are vital in choosing the lowest ‘‘total price.” 

First, as a meter loses accuracy, it gives away revenue. Before its 
first overhaul it may give away twice as much money as it seems to 
save in its ‘‘low bid" original price. 

Secondly, to keep the meter accurate you may have higher repair 
costs over the years ... or premature scrap-and-replace costs. Good 
meters often vary widely in this respect. i 

Tridents are preferred because they earn more and cost less in | © 
the long run. They never become obsolete. You modernize your Tridents 
as you repair. Ask your neighbor ...or ask Neptune for details. { 


seven years 


NEPTUNE METER COMPANY i 
19 West 50th Street * New York 20,N.Y. NEPTUNE METERS, LTD. 
1430 Lakeshore Road ¢ Toronto 14, Ontario 

Branch Offices in Principal American and Canadian Cities 


4 7 at id | 


The fluoridation furor continues to 
keep our mailbox full to overflowing 
with press clippings, which, by their 
bulk if not their novelty or variety, 
rate some recognition. Actually, ex- 
cept for their datelines, the stories of 
the present would be difficult to distin- 
guish from those of 1 or 2, or even 5 
years ago. The same elements in each 
community, using the same basic facts 
and supported by the same medical, 
dental, and public health authorities, 
promote fluoridation, and the same 
other elements dispute the same facts 
and raise the same legal, religious, po- 
litical, moral, and even scientific ques- 
tions as have been posed since the be- 
ginning. Meanwhile, though the list 
of fluoridating communities has suf- 
fered a few losses—such as Amster- 
dam, N.Y., which last March discon- 
tinued fluoridation after 3 years, be- 
cause some councilmen “were not con- 
vinced the program was doing the job 
intended”—it continues to gain many 
more than it loses, and the addition of 
Chicago’s four million beginning on 
May 1 has made the gain in population 
served almost overwhelming. 

Among the highlights from the latest 
batch of clippings has been the news 
from Ontario and New Brunswick, 
where the courts have held that fluori- 
dation is not permissible under present 


provincial law. Work on enabling leg- 
islation is already under way and, par- 
ticularly in Ontario, is being pushed 
hard. Profiting by these experiences, 
the Greater Winnipeg Water District 
obtained its enabling legislation first, 
getting the Manitoba legislature to 
amend its District Act to permit fluori- 
dation if the councils of five of the nine 
member municipalities approved and if 
the populations of the approving com- 
munities constituted at least 85 per 
cent of the total. Those rather rugged 
requirements were met at the end of 
May, and it was expected that the dis- 
trict would approve fluoridation at its 
June meeting. Meanwhile, Brandon, 
Man., has become one of the first com- 
munities in the province to fluoridate, 
and, in Alberta, four towns have al- 
ready requested authority to proceed. 
In the lead, though, is Saskatchewan, 
with 12 per cent of its population re- 
ceiving fluoridated water. 

Back in Ontario, the legal setback, 
which postponed action not only in 
metropolitan Toronto, but in Hamilton 
and Ottawa as well, now seems to 
have caused still another chemical re- 
action. Flushed with its success in 
“stopping” fluoridation, the Pure 
Water Universal Plea Organization 
has now announced that it will imme- 
diately launch a campaign to block the 


(Continued on page 36 P&R) 
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in Toronto’s 


use of chlorine 


water 
supply. 

But all the excitement hasn’t moved 
across the northern border. Through- 
out the US, the same forces are com- 
ing into conflict in town after town— 
and in each new one the old arguments 
are somehow rediscovered. Particu- 
larly in the New York metropolitan 
area now, the story is being unfolded 
in community after community with 
scarcely a line omitted and certainly no 
sign of cosmopolitan coolness. In 
New York City itself, Mayor Wagner 
is in favor of fluoridation, but his 
water commissioner is strongly op- 
posed, and there the matter rests— 
rather uncomfortably. In Westches- 
ter, some communities do, some don’t, 
and at least one claims to have had it 
done unbeknownst, unwanted, and for 5 
years. On Long Island and in north- 
ern New Jersey, the picture is much 
the same with more don’t’s than do’s 
and, therefore, furor. 

In AWWA, meanwhile, all has not 
been exactly furorless either—with one 
section asking for a restatement of pol- 
icy in favor of fluoridation and an- 
other, against, while a third feels that 
the Association should make its own 
investigation of the pros and cons. 
Most members, though, have found it 
wisest to disclaim medical or dental 
competence and to indicate merely 
their ability to handle the mechanics of 
fluoridation once the decision is made. 
And it was on that basis that the Board 
of Directors at St. Louis last May once 
more reaffirmed AWWA’s original 
policy statement : 


In communities where a strong public 
demand has developed and the procedure 
has the full approval of the local medical 
and dental societies, the local and state 
health authorities, and others responsible 
for the communal health, water depart- 


PERCOLATION AND RUNOFF 


(Continued from page 35 P&R) 


(Continued on page 38 P&R) 
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ments or companies may properly par- 
ticipate in a program of fluoridation of 
public water supplies. 

Recommendations for fluoridation are 
the prerogative of the dental, medical, 
and public health groups. When the 
proper authorities approve the treatment, 
it then becomes the function of the water 
works utility and industry to follow 
through willingly and intelligently where 
proper controls are assured. 

Furor, indeed, but what a lot of 
noise is made! 


Shahmoon Industries, Inc., is the 
new name of Warren Foundry & Pipe 
Corp., New York. S. E. Shahmoon is 
the firm’s president and chairman of 
the board. The company will apply 
the former name to one of its divisions, 
the “Warren Foundry & Pipe Div.” 


Our hydrantana continues to swell. 
No sooner had we closed the books on 
a banner year of fire plug fact and fable 
(see April issue, p. 54 P&R) than 
we had to open them again for a series 
of stories that actually offered some- 
thing new. At Dallas, Tex., in March, 
for instance, a report that a driver, fail- 
ing to make a turn, had sheared off a 
hydrant was hardly startling, but 
when he returned to the scene and 
hauled the fallen hydrant away with 
him, it was undoubtedly the first such 
attempt at suppressing mighty heavy 
evidence. Then at Corning, N.Y., in 
May, the dissatisfaction of a “little old 
lady” with the color scheme of the 
hydrant outside her home hardly rated 
headlines, but she added color to the 
story when she camouflaged the plug 
in delicate shades of pink and gray 
and managed to maintain the decor for 
at least a little while before the public 
works superintendent noticed it and 
decided it was too, too illegal to per- 
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| the recarbonation basin water itself, costly 


COMPLETE 
COMBUSTION 


- 
1 


r 
' 


INFILCO INC. 
Tucson, Arizona | 


compan) offer equipment for \ 
types of water’ and waste treatment 


FIELO OFFICES IN PRINCIPAL CITIES IN NORTH & SOUTH AMERICA 


P&R 37 
4 New Recarbonator Principles 
provide GREATER EFFICIENCY in MUCH LESS SPACE 
| | 
the space required by the old-style 
systems. Complete combustion gives clean 
"gases in exact quantities —no need for 
— serubbing. Corrosive effect of gases 
safe, simple and subject to visual 
check. Scaling from calcium carbonate : 
SCO 
5609 


Atlanta’s 10,000th Hydrant With 
AWWA’s 77th President 


Hydrant Wets Dog 
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(Continued from page 36 P&R) 


mit. And at Atlanta, Ga., the chrome- 
plated hydrant which appeared one 
day last March might have been just 
another shiny plug had it not been 
built especially for the occasion and 
presented by the Mueller Co. to the 
water department general manager, 
Paul Weir, as the 10,000th of Atlanta’s 
hydrants (see cut at left). 

All new and all news, however, was 
the story from New York City in May, 
when the historic photograph (below) 
of a hydrant taking revenge on one of 
its daily desecrators was made. Actu- 
ally the self-protection was not built 
into the hydrant by the manufacturers, 
but drilled in after installation, pri- 
marily to give New York children the 
relief of a summer spraying without 
necessitating use of a full hydrant 
stream. Actually, too, it isn’t really 


N.Y. Daily News Photo 


(Continued on page 40 P&R) 
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Valves...drop tight! 


Will not “freeze” from corrosion— 
Corrosion can't hinder operation. Disc edges 
are chrome plated or stainless steel and 
close into a thick rubber seat. These fea- 
tures plus self lubricated bearings and stain- 
less steel shafting make it impossible for 
valves to “corrode tight” either open or shut. 


Full 90° closure into Rubber Seat— 
The disc is slightly larger than the inside of 
the rubber seat and thus actually displaces 
the rubber when closed. The ratio of seat 


HENRY 


HERE’S WHY 


DISC RUBBER SEAT 
NON-CORROSIVE SCREWS 


CAST KEEPER SEGMENTS 


thickness to disc indentation insures drop- 
tight shut off and avoids permanent set. 
The seats are secured in the valve body by 
removable keeper segments. 


Saves space. Even these high pressure 
valves are compact, easy to install, and 
require little head room. Available from 
10” to 72” diameter in either cast iron or 
fabricated steel. A variety of operator 
types can be supplied. 
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Valves 


Henry Pratt Company, 2222 S. Halsted St., Chicago &, Ill. Representatives in principal cities 
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revenge in Spotty’s case. for he, as 
mascot of Engine Co. No. 11, would 
never think of abusing a_ hydrant. 
That undoubtedly is why the hydrant 
is merely giving him a playful squirt 
in the eye while catering to his thirst. 
Looking at the picture in proper focus, 
though, we might well see and cheer 
the fact that the canine world has at 
last discovered at which end of the 
water system the hydrant properly 
belongs. 


James D. Bailey has been appointed 
administrative assistant to the sales 
manager at Mueller Co., Decatur, III. 
He was formerly credit manager. 


John H. Hoff has been appointed 
Tulsa, Okla., sales representative for 
hot-enamel products of Reilly Tar & 
Chemical Corp. 


May issue missing? If you have 
been receiving your copies of the Jour- 
NAL regularly but did not get the May 
number (or got a singed or water- 
logged copy), the reason probably is 
that it was among those in a fire-ridden 
railroad car at Huntingdon, Pa. Please 
notify JouRNaL AWWA, 2 Park Ave., 
New York 16, N.Y., and we will for- 
ward a copy to you. 


Noel S. Chamberlin, for more than 
16 years a sanitary chemist with Wal- 
lace & Tiernan Inc., has left to join 
the consulting firm of Havens & Emer- 
son, New York, as a chemical engineer. 


Elmer L. Nordness has been named 
superintendent of water works and 
sewerage at Madison, Wis. He suc- 
ceeds the late Leon A. Smith, whose 
assistant he was for 20 years. 
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ELEVATED 
STEEL TANKS 


@ Elevated Steel Tanks for wa- 
ter supply, ranging from 5,000 to 
2,000,000 gallons—ranging from 
standard hemispherical self-sup- 
porting bottom to spherical tank 
on tubular tower. 


Correctly built in accordance with 
AWWA specifications. Send us 
your inquiry, stating capacity, 
height to bottom and location. 
Established 1854. Write for Tank 
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THIS FREE BULterin can sHOW YoU 
_ HOW TO STOP CORROSION IN YOUR PLANT 


CORPORATION 
30 MAIN STREET, BELLEVILLE 9, N. J. 


ATLANTA CHICAGO DALLAS MONROVIA SEATTLE 
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St. Louis views not included in last 
month’s roundup of the Diamond Jubi- 
lee Conference were the two shown 
below. That on the left came by black- 
mail from Fred Maurer of Water & 
Sewage Works with some question 
about the “technical” program. That 
on the right, appearances to the con- 
trary notwithstanding, has absolutely 
no connection with that on the left. 
On the contrary, withstanding, it 
shows the 


life-size Willing Water 


owned by the St. Louis County Water 
Co. on stage at the 75th Anniversary 
Session of the Conference, introducing 
John H. Murdoch Jr., vice-president 
and chief counsel of the American 
Water Works Company, who spoke 
on “75 Years of Too Cheap Water.” 
In this incarnation, Willie has eyes 
and lips that rock ’n’ roll, plus a tape- 
recorded voice full of water wisdom. 


Rockwell Mfg. Co. has acquired the 
assets of Locomotive Finished Mate- 
rials Co., Atchison, Kan. LFM, which 
continues under its former management 
as a major division of Rockwell, has 
the largest steel foundry and machin- 
ing facilities west of the Mississippi. 


Journal AWWA has received a 
1955 Public Interest Award from the 
National Safety Council. This non- 
competitive award is made annually to 
a number of public information media 
“for exceptional service to safety.” It 
will be recalled that the JouRNAL de- 
voted a portion of six issues last year 
to serializing the AWWA Safety Man- 
ual, prepared by the Committee on 
Safety Practices. The award, then, is 
actually in recognition of the outstand- 


ing efforts of the members of this 
committee. 

The Safety Manual has since been 
issued as a separate 128-page hand- 
book, designated M3, which is avail- 
able from the AWWA Order Dept., 
2 Park Ave., New York 16, N.Y., at 
$1.50 per copy (to members paying in 
advance, $1.20). 


Diamond Alkali Co., Cleveland, 
Ohio, has established two new operat- 
ing divisions—Electro Chemicals Div., 
with Frank Chrencik as general man- 
ager; and Soda Products Div., with 
Henry B. Clark as general manager. 
This completes a functional reorgani- 
zation begun by the company in 1953. 
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Make every valve a 
Power Operated Valve! 


| POWERED GATE-OPERATORS 


. Truck-Mounted Operator Portable Operator 


Valves should be inspected, opened and closed at least twice each year. 
You can easily keep this schedule of recommended maintenance . . . 
within your budget . . . by making every valve Power-Operated with 
Payne Dean Powered Gate-Operators. 


Truck models operate from truck transmission . . . portable units from 


3 to 74% H. P.... operate valves and gates as large as 60”. Save time 
- - reduce cost ... improve maintenance. - 
PAYNE DEAN & COMPANY | Please send me information on Pa 
yne 
CLINTON, CONN. Dean Powered Gate Operators. 

James B. Clow & Sons 
INC, | ZONE... 
.201-299 No. Talman Ave., Chicago 80, Illinois | 
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The more head, the more head— 
and the more headache! That was the 
story at Atlanta, Ga., and Youngs- 
town, Ohio, last month, when the 
water systems involved broke out in 
suds. 

At Atlanta, the whole downtown 
area was affected when a fountain in 
Plaza Park so subsudded the area that 
extra police had to be called out to 
reroute traffic, and two fire companies 
were put on defoamation duty. As it 
turned out, the firemen actually con- 
tributed to the upbubblement, for the 
basic cause was a highly concentrated 
detergent which some prankster had 
poured into the fountain. And it 
wasn’t until 2 hr after the foamcoming 
that water works man J. D. Vaughn 
was called to the scene to end the en- 
sudsment by shutting off the fountain 


supply line (J. D., by the way, is not 
to be confused with J. C. Vaughn, 
chairman of the AWWA Task Group 
on Analytical Methods for the Deter- 
mination of Synthetic Detergents in 
Water, and prominent member of the 
AWWA Task Group on Effects of 


Synthetic Detergents on Water 
Supplies ). 
Clean unexpected, too, was the 


Youngstown flood of suds, coming as 
it did in the middle of Mrs. Margaret 
Swory’s family wash before she had a 
chance to add soap to it. No deter- 
gent there, though—this was straight 
pilsener, coming hot and under pres- 
sure. Being on tap, of course, the 
home foam was somewhat simpler to 
shut off, if a little sticky in the shirt- 
sleeves. And anything but a prank, 
the lager in the laundry was merely a 
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1. Less drawdown. 


and durability. 


WHY USE JOHNSON WELL SCREENS? 


2. Greater specific capacity. 


3. Lowest pumping cost per 
million gallons of water. 


True economy is measured not by first cost alone, 
butin lowest yearly cost. The JOHNSON WELL 
SCREEN combines an unmatched record of ex- 
perience and dependability with greatest strength 
It is the finest and most truly 
economical well screen in the world. 


EDWARD E. JOHNSON, INC. 
~ well screen specialists since 1904 ~ 


St. Paul 4, Minn. 
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MOLINE 


Elevated Tank at East Moline 


East Moline, Illinois, installed this 250,000-gallon Horton® Double 
Ellipsoidal Bottom Elevated Steel Tank to serve as a dependable source 
of gravity water supply in their municipal water works system. The 
tank is 96 feet to the bottom capacity line. 

For an estimate or information on the above type of tank or stand- 
pipes, reservoirs, Waterspheres,® Waterspheroids or radial cone 
tanks, contact our nearest office below. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, Salt Lake City and Greenville, Pa. 
BIRMINGHAM CHICAGO TULSA BOSTON SOUTH PASADENA 
PHILADELPHIA NEW YORK DETROIT SEATTLE SALT LAKE CITY 
SAN FRANCISCO HOUSTON ATLANTA’ CLEVELAND PITTSBURGH 


In Canada—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 
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fortuitous cross connection, wherein a 
keg was hooked to the wrong piping. 
Fortuitous, but not very fortunate, for 
either Mrs. Swory or the bartender, 
although her beery linens probably 
turned out to be less of a headache 
than his draft hot water. 

Now if Mrs. Swory were smart, 
she’d head for Atlanta; and we'd be 
glad to take her Youngstown apart- 
ment off her hands. 


Howard S. Morse has been elected 
to the newly created position of chair- 
man of the board of Indianapolis 
Water Co. Succeeding him as presi- 
dent is Thomas W. Moses, formerly 
Mr. Morse’s assistant. 


Walter L. Picton, deputy director 
of Water & Sewerage Industry & 


(Continued on page 48 P&R) 


FOR REPAIRING 
BROKEN MAINS 


Skinner Seal Split Coupling Clamp. One man 
can install in 5 to 15 minutes. Gasket sealed 
by Monel band. Tested to 800 Ibs. line pres- 
sure. A lasting repair. 2”-24” inclusive. Write 
today for new catalog. 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA, U.S.A. 


Utilities Div., BDSA, Washington, 
D.C., has been designated by the State 
Dept. as US specialist on water utilities 
for a conference of the public utilities 
working groups that report to the 
NATO Civil Defense Committee. The 
meeting will be held in Paris this 


October. 


Edmund J. Laubusch has accepted 
the position of research chemist with 
The Chlorine Institute, New York. 
Mr. Laubusch was formerly a USPHS 
sanitary engineer officer. 


Gerald J. Bayern has joined Barrett 
Div., Allied Chemical & Dye Corp., 
New York, as marketing and economic 
analyst. Mr. Bayern was formerly 
with Foster D. Snell, Inc., as assistant 
director of engineering. 


1028 Connecticut Ave., N. W. 
WASHINGTON 6, D. C. 


- 
SODIUM 
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WATCH DOG 


The meter used by 
thousands of munic- 
ipalities in the U. S. 
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“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, 
get acquainted with the design and 
performance advantages which 
make Worthington-Gamon Watch 


Dog Water Meters first choice of 
so many municipalities and private 
water companies in the United 
States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
29% SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IN ALL PRINCIPAL CITIES 


\ 
WATER METERS 
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One Goodell turn deserves another 
—and another is what this year’s win- 
ners of AWWA’s John M. Goodell 


In recognition of their achievement, 
the American Water Works Association 
has awarded these men the John M. 


Goodell prize for having made the most 
notable contribution to the science or 
practice of water works development dur- 
ing the year 1955. Therefore be it 

Reso.vep that this Board does hereby 
express both its sincere appreciation for 
the service rendered by these men to the 
water works industry and its great pride 
in their engineering achievement. 


prize received, being honored even in 
their own country. In Los Angeles, 
on May 8, even before the St. Louis 
Conference was over, the Board of 
Water & Power Commissioners adopted 
the following resolution: 


Messrs. Herbert S. Swanson, Herbert 
J. Chapton, Carleton L. King, Eugene D. 
Nelson, employees of the Department of 
Water and Power, and Mr. William J. 
Wilkinson, retired employee, have for the 
past 10 years carried on original research 
on the design of wye branch pipes. 

The results of this research work were 
incorporated in a report entitled, “Design 
of Wye Branches for Steel Pipe,” which 
has received national recognition as an 
outstanding contribution to the water 
works industry. 


And now it’s your turn—the prize- 
winning paper, which appeared in the 
June 1955 JourNat, pp. 581-630, de- 
serves being turned to! 


Charles Bueltman has been pro- 
moted to manager of the Industrial 
Waste Treatment Dept. of The Per- 
mutit Co., New York. Mr. Bueltman 
has been with the company since 1948. 
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Positive drop-tight shut-off 


Easy... Efficient... Economical 
with 


LEOPOLD 


Rubber Seated 
BUTTERFLY VALVES 


In this design, the seat is of resilient neoprene 
rubber or pure gum rubber, vulcanized around 
a steel ring insert, and held in place by a 
keeper ring. The steel ring, which is ‘“‘con- 
tinuous” to eliminate abnormal wearing, 
increases the firmness of the seat and assures 
longer service life. 

Whether operated manually or by auto- 
matic controls, Leopold Butterfly Valves 
always provide a positive shut-off that’s 
bubble-tight. Made in sizes 6” to 72”’. 


Write today for descriptive literature! 
LEOPOLD co., INC.” 


COMPLETE WATER PURIFICATION AND FILTER PLANT EQUIPMENT * BUTTERFLY VALVES 


PUTER OPERATING TABLES MUUN® EQUIPMENT * ORY CHEMICAL FEEOER® 


Z 
if 
oe 
3 2413 W, CARSON STREET, PITTSGURGH 4, PA 
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FROM me (THE FILES OF DR. CENTRILINE... 


CASE #6042 


PATIENT: 36 miles of twin 20” Cast Iron supply lines, 
Portsmouth, Virginia. 


SYMPTOMS: Insufficient water in Portsmouth. 


DIAGNOSIS: Low pipeline capacity caused by flow : 
restricting tuberculation. 


TREATMENT: The twin 20” mains were cleaned and cement lined 
in place without interruption of water supply service 
to Portsmouth. The Centriline Process of centrifugally 
applying cement mortar was used. 


RESULTS: Each pipeline is now capable of permanently carrying 
twice as much water as prior to cleaning and lining. 


Examine your own capacity, corrosion and leakage problems to determine the 
value of the Centriline treatment to you. Cleaning and cement lining in place has 
been the successful remedy for almost 1,000 miles of water supply pipelines. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 
140 CEDAR STREET, NEW YORK 6, N.Y. >. Branch Offices in Principal Cities 


4 of the United States, 
WOrth 2-1429 - Canada, and Latin America. 
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Tortoise in the hair was the situa- 
tion last April, when a number of log- 
gerhead turtles crawled into the water 
distribution system at Okeechobee, Fla., 
while the pumps were shut down tem- 
porarily to permit installation of some 
new pipe. What was slow, though, 
was the flow when the pumps were 
started again; it wasn’t long, actually, 
before the whole system was completely 
plugged. That put maintenance crews 
to work all night in a race to get water 
back into the system by the time the 
customers awoke, and in the race, of 
course, the tortoises had to come out 
first. 


Populous pipes were a problem 
elsewhere too. In New York City, 
the consternation was _ considerable 


when a brook trout emerged from a 
water main at fashionable 5th Avenue 
and 58th Street as a break flooded the 
area. The fish story involved was one 
of alewives (the herring, not the frau, 
type) at the reservoir. Having made 
their septennial pilgrimage to fresh wa- 
ter this year, these herringlike visitors 
had been clogging the fish screen at the 
entrance to the aqueduct until hungry 
brook trout were introduced as a con- 
trol. The one who got away was either 
surfeited, after bigger herring, or an- 
xious to see the big city. At any rate, 
he saw, was seen, and was undoubtedly 
excellent broiled. 

Not broiled, but boiled, might well 
have been the diagnosis in St. Louis 
if William F. Power hadn’t had the 
presence of mind to impound the evi- 
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Depend on Cyanamid’s ALUM 
for good reasons 


1. It feeds uniformly, without trouble, in solid or liquid form. 
2. It has a wide pH range for effective coagulation. 


8. It forms floc rapidly. 

4. It gives maximum adsorption of 
5. It causes minimum corrosion of 
6. It is available in granular form 


suspended and colloidal impurities. 
feeding equipment. 
or in the new easy-to-use liquid form. 


For a copy of ‘‘Alum—Commercial Aluminum Sulfate,’’ please send us your name and 


titleon company stationery— and would 


you also mention where you saw this offer? 


AMERICAN Granamid COMPANY 


° 


Heavy Chemicats Department 
30 Rockefeller Plaza, New York 20, N.Y. 
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Trunion 
Bearing 


ROTOVALVES 


SMS-ROTOVALVE DESIGN ASSURES 
POSITIVE CLOSING, LONG LIFE 


For fast, easy operation and positive closing, specify SMS-Rotovalves. 

As shown above, the conical plug, with full line opening, first lifts, then turns, 
finally reseats. Bronze trunnions eliminate friction and wear to seats, the 
causes of failure and breakage. Self-purging monel to monel seating 
assures drop-tight closure. 


Rotovalves are designed to solve your control problems. You can be sure of easy 
operation, precise aperture control, controlled closing time, positive closure, 

easy mechanical cleaning, low maintenance and long service life. 

The Rotovalve’s full line opening means less head loss 

and lower pumping costs. 


Performance characteristics like these are the result of 

more than 75 years of hydraulic research and ] 
engineering. To get full information on the complete gan 
line of Rotovalves, Ball Valves and Butterfly 
Valves, contact our local representative or write 
S. Morgan Smith Co., York, Pa. 


GATES & HOISTS 
TRASH RAKES 


PUMPS Hm ACCESSORIES 


FREE-DISCHARGE 
VALVES 


ROTOVALVES 
BALL VALVES 
BUTTERFLY 
VALVES 


Ss. MO RGA N CONTROLLABLE- 
PITCH 
AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED * TORONTO 


4 
\ 
= Seats 
7 
Plug 
Seat Bearing ] 
HYDRODYNAMICS 
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Correspondence 


Incalculable 
To the Editor: 


I wish to call to your attention what 
appears to be a mathematical error in 
K. L. Kollar’s article on population stud- 
ies (April 1956 JournaL). On page 430, 
the integral: 


f Ae **(2rx) dx 


0 


is said to be equal to: 
r 1 
or, when r= ~™, to: 


A check of the calculus seems to indicate 
that the term in parenthesis in the above 


two expressions is incorrect. Thus, = 
should be 1 + bx; likewise . should be 


1 + br. 
B. ScHworRM 
St. Louis, Mo.; May 15, 1956. 


To the Editor: 


I was pleased to see my article in the 
April issue, but I have a slightly sour 
note to inject. As a result of an over- 
sight and having the paper retyped sev- 
eral times, a + sign was substituted for 
a + sign in two of the expressions in the 
manuscript. These read 1+br and 


CORRESPONDENCE 
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1+ br, instead of correctly 1+ bx and 
1 + br. 

K. L. 
Caracas, Venezuela; May 28, 1956 


The above letters were received inde- 
pendently of each other. Reader Schworm 
and Author Kollar appear about equally 
quick on the mathematical draw, as the 
latter, being abroad, did not see proof of 
his paper before publication.—Eb. 


Watershed Protection 
To the Editor: 


I do not consider myself competent to 
say yes or no to the recreational use of 
impounding reservoirs and their border- 
ing lands as discussed by authors Dam- 
bach and Riehl (May 1956 JourNAL), 
but I would like to make additional refer- 
ence to two aspects of the problem: 

1. Water is a primary product of the 
soil. Certain recreational! uses, like pub- 
lic hunting and picnicking, have an ad- 
verse effect on soil conditions on a water- 
shed. Wandering over the whole area, 
people do much damage by compacting 
the soil. When a soil is compacted, its 
total porosity is decreased. This results 
in reduced infiltration and percolation ca- 
pacities of the soil and, therefore, in rapid 
surface runoff rates instead of a slow 
seepage flow. Furthermore, heavy recre- 
ational use of woodland is accountable in 
large part for decreased tree growth, as 
trampling compacts the soil and kills 
roots. These effects are often overlooked. 
Today water values transcend the value 
of all other land resources, including 
recreational use. It is my opinion that 
certain recreational uses like hunting, 
camping, and picnicking should be kept 
to a minimum because of their adverse 
effect on production of water by the soil. 

2. I disagree with Mr. Dambach’s 
statement that the practice of planting 
pines on the water’s edge “has been over- 
done in many situations” and that the 
pines “are not the great conservers of 
water which so many people believe them 
to be.” Nothing better protects the reser- 


(Continued on page 54 PE&R) 
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Used in U.S.A. Needed in U.S.A. 


in 1900 by 1975 
40 453 
Billion Gallons Billion Gallons Billion Gallons 
of Water of Water of Water 
a Day a Day a Day 


These figures from the Department of Commerce 
reveal the urgent need that exists today for many com- 
munities to plan ahead for future needs of their water 
systems. 

When your community enlarges its water system, re- 
member that dependable water delivery now and in future 
years is of paramount importance. Time has proved that 


PERMANENT CAST IRON PIPE 
Is the Best Buy 


No other pipe has ever matched the record of lon- 
gevity, durability, dependability, low maintenance cost 
and long run economy of strong and rugged Cast Iron 
Pipe. That is why it is rightly known as ‘America’s 
No. 1 Tax Saver.” 


* x * * 
Our Company does not manufacture pipe but sup- 


plies many of the nation’s leading foundries with 
quality iron from which Cast Iron Pipe is made. 


WOODWARD IRON COMPANY 


WOODWARD, ALABAMA 
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voir from hardwood litter than a belt of 


conifers around the shoreline. As to the 
author’s remark that pines create a 
“nightmare of tangled lines to the person 
attempting to cast from shore,” would it 
not be a good solution to leave a 25- or 
30-ft wide strip along the shoreline free 
from any riparian vegetation except 
grass? This certainly would give enough 
space to a fisherman, and at the same 
time would increase the water yield in 
the lake. The riparian vegetation, through 
its access to a constantly saturated soil, 
causes much heavier transpiration losses 
than the average forest type in our zone 
of climate. 

The annual water requirements of trees 
vary with the species. The minimum an- 
nual amount of precipitation used by the 
various types of forest species is some- 
what as follows: more xerophytic coni- 
fers (pines), about 3 in.; more xero- 
phytic hardwoods (oaks), about 5 in.; 


Builders-Providence PROPELOFLO® is a direct-reading, 
propeller-type meter designed for main line totalizing of water 
consumption . . . available in 2 to 20 inch sizes . . . with flanged, 
bell and spigot, and threaded ends. Rated capacities range 
from 15 to 5800 gpm . . . accurate to within plus or minus 2% 
of actual flow. For complete information, write to BUILDERS- 
PROVIDENCE, INC., 365 Harris Ave., Providence 1, R. |. 


PROVIDENCE, 


surmise... 
totalize! 


more mesophytic conifers (spruces), 
about 8.5 in.; and more mesophytic hard- 
woods (beeches), about 10 in. (see US 
Dept. of Agriculture Miscellaneous Pub- 
lication No. 257, p. 81). Accordingly, 
pines are greater conservers of water 
than hardwoods. 

To Mr. Riehl’s statement that ever- 
green plantings “provide added protec- 
tion to both the reservoir and the water 
supply in various ways,” I would like to 
add that a mixed pine-hardwood stand is 
more beneficial to the water supply than 
a pure pine stand. In mixed pine- 
hardwood stands, the litter decomposes 
rapidly and is easily incorporated into 
the mineral soil. Such soils have greater 
porosity and can store more water and 
transmit it more rapidly than soils under 
pure, dense pine stands. 

WALTER C. SusHKO 
Baltimere, Md. 
May 29, 1956 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
Highways, Bridges and Airports 
ms, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory For Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of 
Construction 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 
Curmton L. Bogert Frep 8. Catips 
Ivan L. Bocert Dona.p M. Ditmars 
Rosert A. Lincotn A. MANGANARO 
Martin 
Water & Sewage Works 
rainage 
Highways and Bridges 


145 East 32nd Street, New York 16, N. Y. 


Refuse Disposal 
Flood Control 
Airfields 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Rosert Norris 
George E. Lewis Downaup C. May 
Sruart B. Maynarp Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes—Refuse 
Disposal—M unicipal Projects 
Industrial Buildings—Reports 
Plans—Specifications 
Supervision of Construction 
and Operation—Valuations 

boratory Service 


75 West Street New York 6, N.Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water—Sewage—lIndustrial Waste 


Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Drisposar— 
Hypraviic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 BE. 19th St., New York 3, N. Y. 
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Professional Services 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


CAUSEY AND WEEKS 


ENGINEERS 
Designers Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


Phone 


Kansas City, Mo. 
DElmar 3-4375 


P.O. Box 7088 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Canron Bidg. Troy, N. Y. 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply—Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 

Light & Power Plante—Appraisals 


351 E. Ohio St. Chicago 11 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Pa. 


Cotton, Pierce, Streander, Inc. 


Associated Consulting Engineers 

E. R. Cotton E. M. Pierce 

P. B. Streander G. A. Gieseke 
I. J. Silverstone 

Water Supply, Water Purification 

, Sewage Treatment 

use Disposal 

132 Nassau Street 

New York 38, N.Y. 


Rochester, N. Y. Dallas, Texas 
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DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 


al Transportation 
Investigations—Reports— Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosher 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. _ Detroit 35, Mich. 


Fey, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Turnpikes 


Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Water Supply, Purification and Distribution, 
Dams, Sewerage, Sewage and Industrial 
Waste Treatment 
Investigations, Reports, Designs 
Supervision of Construction and Operation 


1001 North Front Street, Harrisburg, Penna. 
Wash., D.C.—Easley, S. C.— Tallahassee, Fla. 


FINKBEINER, PETTIS & STROUT 


Carveton 8. Finxsetner Cuarves E. Perris 
Harovp K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water § Supply. Water Treatment, Sewerage, 


wage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 
Houston, Texas 


and Municipal Engineering—Water 
Supply and Purification—Sewerage and Indus- 
tria Waste Treatment—Highways and Struc- 
tures — Dams — Drainage Works — Airports— 
Investigations—Valuation—Design and Super- 
vision. 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 3301 Montrose Bivd. 


Austin Texas Houston 6, Texas 
Phone: GR-7.7165 Phone: JA-2-9885 


FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 


Water Supply ; Sewerage ; Structures; 
Drainage; Foundations 


Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 
260 Godwin Ave. 

Wyckoff, N.J. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Works—Sewe: 
Industrial Wastes—Gar + 
Roads——Airports—Bridges—Flood 
Town Planning— pa 
Investigations & 


Harris P 
Pe. 


Philadelphia, Pa. 
Pa 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


— 
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Professional 
Seruices 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construetion 


1392 King Avenue Columbus 12, Ohio 


HAVENS & EMERSON 


JONES, HENRY & 


Ricuarp Hazen Atrrep W. SAWYER 


Water Supply and —y,~ Works 
Drainage and Flood ntrol 
Reports, Design, Supervision of 
nstruction and Operation 

Appraisals and Rates 


122 Bast 42nd Street New York 17, N.Y. 


W. L. Havens A. A. BurGER ILLIAM 
. 8. Patocsay . 8. Onpway ‘onsul te: Sanitary ineer 
F. C. Consultant iting Eng 
Consulting Engineers Water Works 
Water, Sewage, Garbage, Industrial Sewerage & Treatment 
Wastes, Valuations—Laboratories Waste Disposal 
Leader Bldg. Woolworth Bldg. ‘ i 
CLEVELAND 14 NEW YORK 7 Security Bldg. Telede 4, Chie 
HAZEN AND SAWYER HARRY J. KEELING 
Engineers Consulting Engineer 


Electricat— Mechanical—cCorrosion 


Investigations —Reports—Advisory Service 
Mobile radio communication systems; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue _Los Angeles 35, Calif. 


ANGUS D. HENDERSON 


Consulting Engineer 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07—29th Ave. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuarp R. Kennepy Rosert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 


Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 
Water Supply—Airports—Hydraulic Engineer- 
ing—Sewerage—Sewage Treatment— Munici- 
pal Engineering—Reports 


Shell Building 


St. Louis 3, Mo. 


MORRIS KNOWLES INC. 
Engineers 
Water Supply and Purification, 
Sewerage and Sewage Disposal, 
Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


Tanks, 
1735 W. Jackson Bivd. 
Chicago 4, Il. 
and Principal Mfg. Centers 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


3142 Wilshire Bivd., Los Angeles 5, Calif. 
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Professional Services 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 
Laboratory 


Statler Bui 
Boston 16 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 

age wr Industrial Wastes ; Investigations 
rts; Design; Supervision ° 
nstruction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—Analysis 

Construction Control—Soil—Concrete 

Bituminous Pavements—Water Waste Survey 
Specifications —Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 


THOMAS M. RIDDICK 
Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
wage Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


New York 55, N.Y. 
Ort Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


RIPPLE & HOWE, INC. 


Consulting Engineers 
O. J. V. A. VasEEN B. V. Howse 
Appraisals—Reports 
ign—Supervision 
Water Works Systems, Filtration and Softening 
nts, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Prante Ernest W. 
Rosert D. Mircuett Cart A. ARBNANDER 
Matcotm Prante, Jr. 
Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New Yerk 36, N. Y. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—-Structural 


Industrial— Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 
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Professional 
Senuices 


J. HOMER SANFORD 

. 
Consulting Engineer—Hydrologist 
36 Years of G d In igati 
Groundwater Development, Recharge, 

Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1 Ascan Avenue Forest Hills 75, N.Y. 


1g: 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus, Ohio 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 


Branch Office 
901 Hoffman Building Louisville, Kentucky 


SCHAEFER & WALTON 
Consulting Ground-Water Hydrologists 


Investigations, Reports, Advice 


on 
Ground Water Development, Induced 
Infiltration From Surface Streams, 
Artificial Recharge, Dewatering. 


16 Leland Ave. 


Telephone 
Columbus 14, Ohio 


AMherst 8-33 16 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WHITMAN & HOWARD 
Engineers 
1869) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 


327 S. LaSalle Street 
Chicago 4, Illinois 


Hershey Building 
Muscatine, Iowa 


WILLING WATER 

Public Relations Consultant 
Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 

Send for catalog and price list 
American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 
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For rapid, accurate detection and cultivation of microorganisms 
in water, sewage, milk, foods, beverages, soil 


e Flexible membrane filter 
e Large green grid 
e Clear; precise markings 


Highly efficient for the determination 

of numbers of coliforms and enterococci in 
water; also for the isolation and cultivation of 
Salmonella, and other pathogens. 


S&S Bac-T-Flex membranes have the following 
advantages: (1) flexible, durable, easy to handle 
and sterilize; (2) green color grid with clear, precise 
markings makes counting of colonies easy, accurate; 
(3) large grid square size (1/20 filtration area) 
facilitates counting with magnifications up to 15 times. 


FREE FOLDER on S&S Bac-T-Flex giving full data on 
sterilization, filtration and cultivation technique will 
be sent on request. 

Other types of S«S Ultra Filters 
Membrane, ultrafine, cella and ultracella filters in various porosities 


are available for retaining small bacteria, rickettsiae or viruses; for 
obtaining sterile filtrates; for filtration of protein, colloidal particles. 


Special filter apparatus in various sizes and models for vacuum or 
pressure filtration are available. 


Colonies of enterococci on S&S Bac-T-Flex 


eS * Colonies of coliform bacteria on S&S Bac-T-Flex 


$4S ANALYTICAL FILTER PAPERS 
Less than 0.007% Ash 


S&S “Ash-Free” grades contain lower ash (less than 
0.007%), and have higher alpha cellulose content — 
(97-98%) than any filter paper we have tested. : 


These are two S&S “Margins of Safety” that guaran- 
tee uniformity in speed, retention, pH, strength and 
other characteristics lot after lot. Yet there is no price 
premium for S&S products. 


FREE SAMPLER 


Try S&S Analytical Filter Papers in your laboratory. 
For free S&S Filter Paper Sampler containing a gen- 
erous assortment of many quantitative and — 
grades, and/or free Bac-T-Flex folder, 


address Dept. W-76. 


Carl Schleicher & Schuell Co. ‘ 
Keene, New Hampshire | 
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Condensation 


CONDENSATION 


Vol. 48, No.7 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—lInstitute of Metals (Great Britain); PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 
Water Pollution Abstracts (Great Britain). 


DAMS AND RESERVOIRS 


Behavior of Petroleum in a Water Reser- 
voir. A. I. Iz’yurova. Gigiena i Sanit. 
(USSR), No. 5:15 (’55). Observations on 
petroleum films on water surface in reser- 
voirs showed that rate of spreading of film 
depends on surface tension of water, ice. 
thickness of film may vary from 2 to 10 mu 
depending on purity of water. While low- 
boiling fractions evap. fairly rapidly, entire 
film disappears in time by settling and bac- 
terial oxidation, rate being dependent on 
meteorological factors. In quiescent reser- 
voirs, settled petroleum mixes with sediment 
and forms alternating layers with silt corre- 
sponding to summer and winter seasons.—CA 


Experimental Studies of the Problem of 
Regulation of Chlorobenzene in Commu- 
nity Water Reservoirs. P. F. OsuKnov. 
Gigiena i Sanit. (USSR), No. 7:7 (’55). 
PhCl does not affect O content in water 
storage reservoirs and shows very slight 
hindering action on bact. growth for few 
days, which is replaced by slightly accel- 
erating action after some 10 days. Permissi- 
ble concn. of PhCl is-estd. at 1 mg/l. PhCl 
does not affect water purification by chlori- 
nation; this process somewhat reduces concn. 
of PhCl in water. Rabbits fed 0.1-1.0 mg/g 
PhCl over 14 months showed no deleterious 
wt. changes, had normal feeding habits, and 
showed no abnormalities in circulatory sys- 
tem in respect to blood compn. However, 
animals on highest dose level showed nu- 
merous structural disturbances in all internal 
organs; at 0.1 dosage, hepatitic and renal 
changes could be detected. Apparently this 
is threshold toxic dosage.—CA 


The Condition of Water in Impounding 
Reservoirs for Water Supply. J. Mutter. 
Wasserw.-WassTechn. (Ger.), 3:18 (’53); 
GesundhSng., 75:168 (’54). Author dis- 
cusses importance of limnoiogical methods 
of investigating processes taking place in 


impounding reservoirs. Various sections deal 
with limnology as research problem; the for- 
mation of reservoirs and natural changes; 
temperature, thermal stratification, and cur- 
rents; general chemistry; distribution of 
plankton and sludge; chemical and biological 
stratification; plankton and problem of taste 
and odor. Conditions in Klingenberg reser- 
voir are described. Main prob!ems discussed 
are formation of tastes and odors and effect 
of retention in reservoir on pathogenic bac- 
teria. With sufficiently long period of re- 
tention destruction of pathogenic bacteria, 
especially typhoid bacteria, is possible but 
temporary reduction in period at times of 
high flow make chlorination, as well as fil- 
tration, necessary for reservoir water. For- 
mation of tastes and odor depends on incom- 
ing water and also on changes taking place 
in reservoir. Great importance is attached 
to construction and careful supervision of 
sedimentation basins ahead of the reservoirs 
to reduce the amount of suspended solids. 
Causes of tastes and odor include increase in 
content of iron and manganese, humus, living 
or dead plankton, and flooding of uncleared 
land. Problem of cleaning out reservoirs 
used for supply requires investigation and 
collection of existing information on condi- 
tions in impounding reservoirs should be 
made.—W PA 


The Fundamental Features of the Hydro- 
chemical Regime and Microbiological 
Processes in the Rybinsk Reservoir. 
N. A. Mosevich & M. V. Mosevicu. 
Trudy Problem. i Temat. Soveshchanii, 
No. 2, Problemy Gidrobiol. Vnutren. Vod, 
No. 2:11 (USSR) (’54). Report of in- 
vestigations during 1946 and 1948 on the 
compn. of waters of rivers and lakes that 
feed Rybinsk reservoir and of reservoir it- 
self. Data cover seasonal variations of 
anions and cations in soln., Cl, SO.-, HCO,, 
K, Na, Mg, and Ca, and quantity of org. 
matter and P in mud at bottom of reservoir. 


(Continued on page 66 P&R) 


Jul. 1956 


JOURNAL AWWA P&ER 63 


There are Many Reasons 
for Worid Leadership of 


TURBINE 
PUMPS 


Layne pumps have won world-wide 
leadership for one basic reason — per- 
formance under all kinds of operating 
conditions. 


Complete and undivided manufacturing 
responsibility . . . concentration on one 
product . . . proven design and Layne 
high standards of workmanship are just 
a few of the many reasons why Layne 
pumps are preferred by leading munici- 
palities. 


LAYNE 


& BOWLER, INC. 
MEMPHIS 
General Offices and Factory 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 


| 
| 
i Industry Municipality 


Connect 


without interrupting flow 


Mueller Tapping Sleeves and Valves and Mueller Tapping Crosses and 
Valves give you a practical and economical method of running branch 
mains — without loss of water or interruption to flow in the main. 


Calked or mechanical joint type are available to suit your individual 
needs. Extra long length of tapping sleeve or cross plus heavy con- 
struction actually strengthens the main where connection is made. 
Seat opening of tapping valves is larger than nominal size to permit 
full diameter cuts to be made. ( 


A nominal size of mechanical joint tapping sleeve or cross will fit all 
classes of cast iron pipe regularly used, by using two sets of gaskets. 


Mechanical joint tapping sleeves or crosses, to fit main sizes 4” 
through 12”, offer various combinations of outlets 2” through 12”. 


a Calked type tapping sleeves or crosses to fit all classes of pipe 3” 
through 36” with various combinations of outlets 2” through 16”. 


Mueller Tapping Valves, calked or mechanical joint type, are avail- 
able with conventional packing or “O” ring stem seals. Both types 
have the same time-proven construction as the Mueller AWWA 
non-rising stem Gate Valve. 


STEP 1: Attach sleeve. Clean main STEP 2: Attach valve and drilling STEP 3: Make cut. Move bori 
of rust and scale. Position and bolt tapping machine. Bolt tapping valve to tapping bar forward until it strikes main. Retract t 
steeve to main. Tighten mechanical joints or sleeve. Attach hand or power operated drilling turns—engage automatic feed—make cut.Wh 
calk and lead sleeve. machine to valve. Open valve wide. cut is completed, retract cutter which retat 

coupon. Close valve—remove drilling machir 


Contact your Mueller Representative or t L L 


write direct for complete information * 
on Mueller Tapping sleeves and crosses, Dependable Since 1857 
tapping valves and split repair sleeves. MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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"CC" or’C-1" Drilling Machine. 
Hand operated or power operated 
for drilling through the main. 


= 


(tH Ax 


, STEP 4: Make connection. 
Slip branch main into valve and tighten me 
chanical joint or calk and lead main to valve 

" Open valve and branch main is activated. 


H-600 Air Motor. Full load 
speed 56 rpm at 90 p.s.i. 


Tapping Cross. Calked or me- 
chanical joint type. Nominal size 
fits all classes of cast iron pipe. 


Tapping Valve. Calked or me- 
chanical joint type. Perimeter pres- 
sure seating of discs. Conventional 
packing or “O” ring stem seal. 


Tapping Sleeve. Calked or me- 
chanical joint type. Nominal size 
fits all classes of cast iron pipe. 


Split Repair Sleeve. Calked 
or mechanical joint type. One side 
of sleeve has tapped outlet with 
plug for escape of fluid while the 
sleeve is tightened around the leak. 
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At same time, sol. Os and COs were detd. 
Higher P content in reservoir waters is 
ascribed to P in soil of areas flooded. Total 
quantity of minerals is generally lower in 
reservoir than in waters of rivers that feed 
it. This is explained by inflow of flood 
waters during rainy season.—CA 


Basic Features of Biogenous Compounds 
in the Reservoirs of the Volga System, 
in Connection With Their Primary 
Production. P. P. VoronKxov. Trudy 
Gosudarst. Gidrolog. Inst. 1953, No. 37 :62; 
Referat. Zhur., Khim., No. 8376 (USSR), 
(’53). To establish potential productiveness 
of Kuibyshev and Stalingrad reservoirs, 
study was made of biogenous compds. of 
Lower Volga and Rybinsk reservoir. Water 
of Volga in region of Astrakhan contained 
0.030-0.040 mg phosphates/l in summer and 
0.060-0.070 in flood period; in summer it 
contained 0.025-0.050 mg nitrates/l, in winter 
0.010 mg. In Rybinsk reservoir there were 
v.100 mg phosphates/] in autumn, in winter 
0.030, in flood period 0.150, and in summer 


0.015 mg; content of nitrates in autumn- 
winter period was > 0.100 mg N/l; during 
spring floods their amt. decreased, and in 
June reached zero. Seasonal changes in 
nitrites and Si compds. had no simple con- 
nection with development of phytoplankton. 
Content of nitrites—0.000-0.020 mg N/I to 
end of winter—was at min. during summer, 
and during floods it increased. Si was at 
max. during winter (1.400 mg/l); during 
growing season there was 0.400-1.000 mg 
Fe/l, and during autumn and winter it was 
0.025 mg. During floods, Fe was 0.070 mg/I, 
but during summer it decreased sharply, 
similarly to nitrates and phosphates. Varia- 
tion in content of phosphates and Fe during 
one day illustrates activity of phytoplank- 
ton. During period of increased develop- 
ment of phytoplankton, daily consumption 
of phosphates for photosynthesis layer (0-2 
m) comprised 0.045 mg/l. Development 
rate of phytoplankton was detd. by chloro- 
phyli concn. in acetone exts.; these concns. 
varied in terms of pigment from 14 to 


193 in 1946 and from 17 to 440 in 1947. 
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SOFTENER 


HUNGERFORD & TERRY, INC. 


CLAYTON 5S, N. 3. 


GOOD WATER 


THE H&T 
POPPET TYPE 
MULTIPORT 
VALVE 


A masterpiece of work- 

manship and operating 
simplicity. Your choice of 
manual, semi-automatic, 
or fully automatic. 


SERVICE — many millions of 
7 gallons of water are treated 

daily by equipment using 
the H&T poppet valve. Over 
1,000 are now in use and the 
number is rapidly increasing. 
Many of the original valves are 
now in use for over 10 years. 


MODERNIZING OLD 

SOFTENERS AND FILTERS — 
If your equipment is too good 
to discard, yet too old to be 
efficient or too complicated to 
operate and control, these units 
can very often be equipped 
with H&T poppet type multi- 
port valves — and be made 
into attractive and efficient 
weter treating units. 

Write for free information bulletin 


if 
f 
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for dependable pipe line equipment 


Like hundreds of Pollard customers. youl ind mighty 
— line equipment from 


the job. Each is guaranteed for dependability 

_ is backed by Pollard service. — 


MANHOLE CUSHION 


JOINT RUNNERS 


SOURCE FOR PIPE 
LINE EQUIPMENT. 
ORDER FROM 
POLLARD CATALOG 


M SCOPE PIPE FINDER 


if W's from POLLARD . . . It's the Best in Pipe Line Equipment 


POLLARD NEW HYDE PARK + NEW YORK 


1064 Peoples Gas Building, Chicago, Illinois 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


THE NATION'S No.1 SOURCE : 
% 
PIPE LINE EQUIPMENT Place your next order with POLLARD) a 
JOSEPH G. 
. x ey 
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Fordin’ Along... 


We commonly refer to water as H,O, 
which indicates that each molecule is 
made up of one oxygen and two hydro- 
gen atoms, but we find it difficult to 
comprehend the fantastic minuteness of 
the molecule itself. For example, there 
are more molecules in an ounce of wa- 
ter than there are ounces in all the 
oceans and seas of the earth. Assum- 
ing a reasonable amount of dispersion in 
almost two thousand years, every glass 
of water contains thousands of molecules from the six stone waterpots 
mentioned in John II as holding first water and then wine at the wed- 
ding feast of Cana in Galilee. 


(Continued from page 66 P&R) 
Use 


On basis of daily observations in calm 
weather, factor limiting development of phy- 
toplankton proved to be N compds. Judging 
by consumption of phosphates, change in O2 
satn., and change in pH, development of 
algae continues after nitrates are gone, al- 
though chlorophyll content barely changes. 
Thus many small algae, which disappeared 
at night, existed in 0.5-m layer. At night, 
algae died out (about 50% of their amt.), 
and they dropped down to bottom at rate of 
2 m/hr. Max. daily production of algae in 
the Rybinsk reservoir, on basis of O and 
consumption of phosphate, equaled 90 mg/1 
on avg; mean daily production was about 22 
mg/l, that is, 178,640 tons for 0-2 m layer of 
water in reservoir. After 90 days of grow- 
ing season, this comprised 16,000,000 tons. 


POLLUTION CONTROL 


Experience With Solid Platinum Elec- 
trodes in the Determination of Dissolved 
Oxygen. I. University of North Carolina 
Studies. W. R. Lynn « D. A. Oxvun. 


Sewage and Ind. Wastes, 27:4 (’55). 
of rotating Pt electrode in place of dropping 
Hg electrode is suggested for detn. of DO, 
particularly for sewage and activated sludges. 
However, need for addn. of salt as electro- 
lyte and filming of electrode by sewage 
precludes its use for this detn. II. Georgia 
Institute of Technology Studies. R. S. 
Incots. Ibid: 7. Use of stationary Pt 
electrode, calomel half-cell electrode, and 
alternating charge works well for DO detns. 


where there are only small amts. of biol. 
breakdown products present, but will not 
work for detn. of DO in sewage. Coating 


Pt electrode did not get around this diffi- 
culty. Rotating Pt electrode works very 
well for detg. DO in waters which are free 
of floc and which are highly saline; there- 
fore, its use for DO detns. in sewage and 
cultivated sludges is not recommended.—C A 


Report Upon the Work of the Department 
of the Government Chemist for the Year 
Ending 31st March, 1954. H. M. Sta- 
tionery Office, London, 30 pp. (’54). In- 
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ZJFORD M. O.WABASH, IND 


Dress a meter up in a Ford Yoke 
and see what a difference it makes. 
No more fighting misalignment of 
pipes or wrong spacing between 
couplings. Just an easy twist of the 
wrist and you've got your meter. 


Ask your meter man. He'll tell 
you that an easy-to-get meter can 
be kept more accurate so that it 
lasts longer and earns more rev- 
enue. Millions of Ford Yokes are 
in use. 


Send for the Ford Catalog and 
learn more about getting your 
meter’s worth. 


Straight Line Yokes 


FOR BETTER WATER SERVICES 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana 


lay 
= y! EASY-TO-GET a 
when they wear FORD YOKES - 
| 
Riser Yokes 
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Angle Yokes : 
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formation given in Water and Sewage Div. 
of Govt. Chemist’s annual report (pp. 12-17), 
includes report on examn. of water samples 
to investigate cause of pollution of domestic 
water supplies, death of fish in fountains in 
Kensington Gardens, causes of corrosion, 
and suitability of certain water supplies for 
boiler feed water. Surveys of rivers Usk 
and Tyne were continued. Paper has been 
prepared by Div. on methods for controlling 
addn. of fluoride to water, giving full de- 
tails of dosing and method of anal. Other 
studies of fluoridation of drinking water in- 
cluded an investigation of availability and 
suitability of various fluoride chem. and 
examn. of urine from children aged 5-11 to 
assess amt. of fluoride assimilated from nor- 
mal diet. Work has been undertaken on 
polluting effect on ground water of water 
percolating from gravel pits used as tips for 
household refuse. Lab. expts. have shown 
that effluent will have chem. and bact. pol- 
luting effect, and further expts. are planned 
to det. amt. of purification which takes 
place during passage of effluent through 


4 


different gravels as found in gravel pit. In- 
vestigation into problem of synthetic deter- 
gents in sewage and river water was com- 
menced by studying anionic detergents, 
particularly of alkylaryl sulphonate type, and 
the method detn. devised by Degens was 
used. Difficulties were met with concerning 
apparent loss of detergent (6-20%) in this 
method and further study of problem is 
planned using radioactive tracer technique. 
Use of sodium lauryl sulphate as std. for 
expressing results of detergent detn. is being 
investigated —_W PA 


Biochemical Oxidation Characteristics of 
Stream Pollutant Organic Chemicals. M. 
B. Ertincer. Ind. Eng. Chem., 48:256 
(56). Factors affecting biol. attack are 
discussed. Stream pollutants cannot be eval- 
uated satisfactorily in terms of BOD alone. 
Chemical resistant to biol. destruction may 
be capable of doing much more damage than 
depletion of Oz in stream.—CA 


(Continued on page 72 P&R) 


BELL JOINT 
LEAK CLAMPS 


GASKET SEALER 
COMPOUND 
C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 


compression of rubber gasket. 
Write for information 


H. Y. CARSON COMPANY 
1221 Pinsen St. Birmingham, Ala. 


CHLORINE GAS CONTROL 
EQUIPMENT 


VISIBLE FLOW INDICATION 


VACUUM SOLUTION 
FEED 


FOR: 
WATER WORKS 


SEWAGE 
TREATMENT 


INDUSTRIAL 
PLANTS 


SWIMMING POOLS 


ANYONE CAN 
INSTALL 
EASY TO OPERATE 


LOW 
MAINTENANCE 
COSTS 


EVERSON MFG. CORP. 
221 W. HURON ST. CHICAGO 10, ILL. 
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Triangle 
Brand 


HELPS SOLVE YOUR WATER PROBLEMS RS 


Triangle Brand Copper Sul- 
phate economically controls 
microscopic organisms in wa- 
ter supply systems. These or- 
ganisms can be eliminated by 
treatment of copper sulphate 
to the surface. Triangle Brand 
Copper Sulphate is made in 
large and small crystals for 
the water treatment field. 


Roots and fungus growths 
in sewage systems are con- 
trolled with copper sulphate 
when added to sewage water 
without affecting surface trees. 


Booklets covering the sub- 
ject of control of microscopic 
organisms and root and 
fungus control will be sent 


upon request. 


PHELPS DODGE 
REFINING CORPORATION 


300 Park Avenue, New York 22, N. Y. 
5310 West 66th Street, Chicago 38, Ill. 


CHEMICALS 
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SOURCE OF SUPPLY— 
QUALITY 


Chemical Characteristics of Delaware 
River Water, Trenton, New Jersey, to 
Marcus Hook, Pennsylvania. C. N. Dur- 
& W. B. Ketcuton. USGS Water- 
Supply Paper No. 1262, 173 pp. (’54). 
Delaware R. is principal source of water 
for many industries and municipal water 
supplies along this reach, and it is used 
for industrial and municipal waste disposal. 
8 observation stations were spaced along 
stream section, and hydrographic and anal. 
data were accumulated over 40-mo period. 
Water anal. (ppm): SO, 12-382; CT, 
10-2,020; F-, 0.9; NOs, 0.1-19; HCOs, 
11-71; Ca 7.9-75; Mg, 26-147; Na, 0.07- 
1,080. High values for Cl, Mg, and Na are 
due to sea water intrusion, which is noted as 
far upstream as Philadelphia during low- 


summer and fall months, especially in lower 
portion of river section. Anals. were made 
by std. tests and generally show appreciable 
increases in all contaminants proceeding 
downstream from station to station. Meas- 
urement of elec. cond. is proposed as con- 
venient and rapid method for detecting sea 
water intrusions or presence of slugs of poln. 


—CA 


Gulf Coast Inlet Converted to Fresh- 
Water Reservoir. C. A. Welse. Civil 
Eng., 24:60 (Oct. 54). Turtle Bay project 
is one of first major attempts to convert 
natural bay or inlet along Gulf Coast into 
reservoir for fresh-water storage. Improve- 
ment and enlargement of Turtle Bay, once 
part of tidal Trinity Bay, provides irrigation 
water for about 125 rice farmers. New and 
reconstructed levees and spillway, el. 5.0, 
forms Lake Anahuac of 35,000-acre-ft capac. 
Source of water is runoff from Turtle Bayou 


flow rates. Generally, mineral content and watershed (130 sqmi) plus water pumped 
BOD increase from Trenton downstream, at Turtle Bay Pump Station from Trinity 
whereas DO decreases. Signif. O deficiency R. during adequate river flow. Anahuac 
occurred in many samplings during late Station, enlarged to 240,000 gpm has max. 


(Continued on page 74 P&R) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


imate 
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CHAPMAN 
Tilting Disc Check Valve 


There, in a nutshell, is the story of a Chapman 
Tilting Disc Check Valve . . . quick as a cat, 
quiet as a mouse. It’s designed that way. It’s 
built that way .. . for fast, sure, quiet action. 
Or, in other words, it’s yours for best per- 
formance at lowest long-range operating 
costs. 

With a Chapman Tilting Disc Check Valve, 
there’s no noise, no vibration, no fluttering. 
There’s no banging or slamming with damage 
to system or valve. There’s no scraping or 
wearing of disc and seat. Your head loss or 
flow resistance is kept at a minimum. 


To put it briefly, with a Chapman Tilting 
Disc Check Valve, there’s little or no main- 
tenance even under severe operating condi- 
tions. 

For Chapman Tilting Disc Check Valves in 
iron and steel .. . valves for handling fluids or 
gases under a wide range of pressures... 
valves for replacement or new piping systems 
... just check our Catalog 30-A. It’s yours for 
the asking. Send for it now. 
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CH... 


BS 1NOUSE 


Never a Flutter, 
Never a Slam! 
Designed and Built for 
Quiet Efficient Operation 


In open position, specially de- 
signed “‘airfoil’’ disc balances per- 
fectly. No vibration. No flutter. 
When flow subsides, disc drops 
quickly and quietly to a tight 
closed position. No jarring. No 
slamming. No damage to system or 
valve. Note enlarged area around 
disc to insure low flow resistance. 


The CHAPMAN Vaive Mfg. Company 
INDIAN ORCHARD, MASSACHUSETTS 
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lift of 25’ and can pump water to irrigation 
canal either from reservoir or Trinity R. 
Project will provide water for 25,000 acres 
plus anticipated industrial use. Chambers- 
Liberty Counties Navigation Dist. financed 
project by means of $1,250,000 bond issue 
payable through revenues—PHEA 


Sewage Effluent Reclamation for Indus- 
trial and Agricultural Use. A. E. Green- 
BERG & J. F. THomMas. Sew. Ind. Wastes, 26: 
761 (’54). Study of water reclamation by 
spreading of sewage treatment plant effluent 
(10 ppm BOD) and settled sewage (100 ppm 
BOD) in Hanford fine sandy loam gave bac- 
teriologically safe water at percolation rate 
of # acre-ft/day/acre/when the sewage 
passed through at least 4’ of soil. There 
was little chem. change in reclaimed water. 
Need for insect and algae control are to be 
expected.—C A 


Quality of Surface Waters of the United 
States, 1951, VII-VIII. Lower Missis- 
sippi River Basin and Western Gulf of 


Mexico Basins. S.K. Love. USGS Water- 
Supply Paper No. 1199 (’55). Tabulated 
data are given from more than 100 river 
collection stations situated in 10 southwestern 
states. Chem. analysis includes silica, Fe, 
Ca, Mg, Na, K, HCO;s, SO.-, Cl, NOs, 
and in many instances K, F, and B. Also 
included in most instances are data on sus- 
pended sediment, temp., pH, specific con- 
ductance, and color.—CA 


Quality of Surface Waters for Irrigation, 
Western United States, 1952. S. K. Love. 
USGS Water-Supply Paper No. 1362 (55). 
Chem. anal., chiefly salt burden, and other 
phys. measurements are given for network 
of observation stations west of Mississippi R. 
Highest in DO was the Pecos R. (Orla, 
Tex.) with 9.22 tons per acre-ft of runoff. 
Other rivers having high salt burdens 
(greater than 1.0 ton per acre ft) were 
Powder, Cheyenne, South Platte, Saline, 
Arkansas, Canadian, Red, Washita, Gila, 
and Sevier. Low burdens (less than 0.1 
ton per acre-ft) were found in Mokelumne, 


(Continued on page 76 P&R) 


* 


and Flanged. 


Some, but not all, of the many tests we make to 
assure you more long years of trouble-free serv- 
ice with Alabama’s Super De Lavaud Cast Iron 
Pipe. Sizes of 3” to 24” in modern long lengths. 
Bell and Spigot, Roll-on-Joint, Mechanical Joint, 


ALABAMA PIPE COMPANY 


General Sales Offices 


ANNISTON, ALABAMA 


Chemical Test 
Sand Compression Test 

Y Wall Thickness Test 

~ Rockwell Hardness Test 

Y Talbot Strip Test 

Y Pipe Ring Compression Test 
VY Internal Pressure Bursting Test 
Y External Impact Test 


We invite inquiries to 
our nearest sales office— 


122 So. Michigan Avenue 
Chicago 3, Ill. 
350 Fifth Avenue 
New York 1, New York 
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Feather, American, and Willamette. Con- 
sistently high Na-adsorption ratios, Na’*- 
[Cat* + Mg**/2]!, were found in Cimmaron, 
Canadian, San Jacinto, lower Rio Grande, 
Pecos, and Gila—CA 


SWIMMING POOLS 


Chaetopoda in Swimming Baths and 
Filter Plants. Gutscue. Arch. Bader- 
wesen, 6:214 (’53). Chaetopod worms intro- 
duced by town water supply into swimming 
bath at Oldenburg were destroyed in bath 
by addition of 11 mg/l of Na hypochlorite. 
In sand filter they were not destroyed when 
filter was allowed to stand for ? hr with 
7 1 of hypochlorite solution (in 9 cum) or 
for 14 hr with 10 1. Desired result was on‘y 
achieved by recirculating 30 cum of water 
containing 7 | of Lysolin for 4 hr. Green 
color increased in water after treatment and 
was only removed after re-maturing of filter. 
—WPA 


Effective Algae Control. R. C. SHERWoop. 
Beach and Pool, 29:25 (’55). Author states 


that use of potent algicide added to pool 
water at specific periods and proper amts. 
will prove successful in preventing algae 
growths. The use of algicide for this pur- 
pose, however, does not replace but supple- 
ments use of Cl. Alkyl-dimethyl-benzyl- 
ammonium chloride is presented as efficient 
sanitizing agent and algicide. Best results 
are obtained if pool is cleaned and filled with 
fresh water before algicide is first used. 
Specific directions for effective use of this 
algicide are discussed.—C. C. Johnson, Jr. 


Note on the Chlorination of Water in the 
Presence of Traces of Natural Bromide. 
J. K. JoHANNEssoN. New Zea‘and J. Sci. 
Technol., 35:600 (55). Presence of bromide 


interferes with process of chlorination of 
natural waters. This effect appears to be 
commonly overlooked in the literature. 


Monobromamine is shown to have an ab- 
sorption max. in the ultra-violet of 277 mu. 
Studies initiated in this lab. reveal that 
bromide is often present in significant con- 
centration and that in its presence, anomalous 
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@PROPORTIONEERS 


DEMAND sterilizing liquids 
DETERMINES 
DOSAGE! 


for 

proper 

water 
treatment... 

The best prescription for 
proper water treatment where 


flow fluctuations are encoun- 


tered is a PROPORTIONEERS 


Automatic and Proportional Chem-O-Feeder®. The 


(calcium or sodium hypochlorite ), 


are injected into the system in strict proportion to varia- 


eliminating possibility of either over- or 


undertreatment. Unit is paced by standard water meter 
...and utilizes pressure from main (full hydraulic 


action) to insure unfailing operation. Request Bulletin 
1260-2. Write to PROPORTIONEERS, INC., 365 Harris Ave., 
Providence 1, R. I... . division of 


INDUSTRIES 


PROVIDENCE, RHODE 


s 
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TAX SAVINGS “AROUND THE BEND” 
with “CENTURY”’® ASBESTOS -CEMENT PRESSURE PIPE 


Cutting construction and maintenance costs 
means tax savings for Madison Park, N.J. 
And low cost is practically inherent in 
“Century” Asbestos-Cement Pressure Pipe 
and ‘“Fluid-Tite’ Couplings. The light 
weight makes for easy, inexpensive trans- 
portation and handling, while ‘‘Fluid-Tite”’ 
Couplings allow quick assembly even with 
unskilled labor, slashing laying time and 
cost. Its non-corrosive feature means long 
underground life. And ‘‘Century” Pipe is 
non-tuberculating and non-electrolytic ... 
the bore is always clean and smooth. Pump- 
ing pressures remain continuously stable. 

Find out how “Century” Pipe and 
“Fluid-Tite’’ Couplings can reduce con- 
struction and maintenance costs for you. 
Write today for fuil details. 


and “FLUID-TITE”® COUPLINGS* 


K&M’s exclusive “Fluid-Tite” Coupling design allows pine 
to slide into coupling easily. Water pressure automaticall 
expands the rings. *Patent applied for 


“Fluid-Tite” sealing rings Water pressure expands 
compress, permitting pipe rings; the higher the pres- 
to enter coupling easily. sure, the tighter the seal. 


Pipe and ‘‘Fluid-Tite’’ Couplings meet A.W.W.A., 
A.S.T.M., and Federal specifications and are approved by 
Underwriters’ Laboratories, Inc. 


There’s no problem in laying K&M “Century” Pipe in a curve. 
In this Madison Park housing development, “Century” 
Asbestos-Cement Pressure Bipe with “Fluid-Tite” 
Couplings allow 5° deflection but fit together easily, 
requiring no skilled labor for assembly. 


KEASBEY & MATTISON 


COMPANY AMBLER PENNSYLVANIA in 
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behavior of chlorination is to be expected. 
Detailed investigation of effect of bromide 
upon breakpoint process is necessary for 
proper control of sea-water pools—PHEA 


Engineering a Swimming Pool. H. Feir- 
LER. Public Works, 86:145 (’55). Details 
of present-day swimming pool design are 
given. Reference given to APHA pamphlet 
on recommended practices and Ill. State 
Requirements. Assumed pool of 278,500 gal. 
and turnover of every 6 hr, required 775 
gpm. Drains should be sized for even more 
rapid turnover and grate opening should be 
10 times outlet pipe area. Inlet piping should 
not permit any dead spots in pool and should 
proportion incoming water on basis of vol. 
of water at incoming point. Valved inlets 
permit regulation and reduce entrance velocs. 
Inlets should be 24” above floor in deep por- 
tion and as near floor as possible in shallow 
section. Scum gutter overflow drains should 
be on 15’ centers all around pool and 23” 
pipe size as a min. All gutter water should 
be salvaged. Detailed pump operated sys- 


tem is described with pair of electrodes, and 
relay and normally closed solenoid valve are 
used. Deck drains should not be connected 
to gutter drains but discharge to waste. 
Vacuum cleaner fittings 2” size will require 
a min. of 3” header. C.i. pipe used if a pipe 
tunnel is used. Diatomite filters should 
permit water to be of less than 1 ppm tur- 
bidity. Program outlined includes 400-gal 
surge and inlet tank pool drain, vacuum 
connection, 10” hair and lint trap—15 HP. 
motor driven pump, 200-gal slurry feeder, 
258-sq ft filter, pool heater, 35 pound chlori- 
nator, 10” flow meter and jet precoat pump. 
Makeup water should be filtered before en- 
tering pool. A room 30’ x 12’ plan and 8’ 
high will suffice. No alum or soda ash is 
used. About 28 pounds diatomite is used 
daily for 278,500-gal pool. No special abili- 
ties required for operators of such layout. 
About 1 hr per day is required for equip- 
ment, maintenance and operation. Valves 
should be readily accessible and pipe lines 
oversized for more stringent requirements 
that will come. Design can insure success 
of pool.—E. L. Filby 


For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Dense Powder) 


Sodium Fluoride—98% 


(Dense Powder or Granular) 
Meets AWWA specifications 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 
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-HERSEY COMPOUND METERS 


ALL BRONZE CASE 2" TO 6” INCLUSIVE — 
69 years of successful experience and engineering skill is back of every — 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS 
“— PORTLAND, ORE. — PHILADELPHIA — 
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Arizona Section: The Arizona Sec- 
tion and the Arizona Sewage & Water 
Works Assn. held their annual meetings 
jointly, at the Buena Vista Hotel, Saf- 
ford, Apr. 5-7, 1956. The total registra- 
tion was 164. The meeting opened 
Thursday morning, Apr. 5, with an ad- 
dress of welcome by O. O. Rawson, 
mayor of Safford. G. Ted Rekerdre, 
chairman of the Arizona Section, gave 
the response. Technical sessions, held 
both morning and afternoon every day, 
included papers on pipe installation, in- 
strumentation, water use, corrosion, chlo- 
rination, and training. 

Thursday afternoon a very festive “get 
acquainted” reception was held at the 
home of Margaret Frederickson and 
Margaret Rhoads for the ladies attending 
the convention. Thursday evening a No 
Host Dinner was held. On Friday there 
was a luncheon at the Safford Inn, with 
Paul Weir as speaker. Friday afternoon 
Mr. and Mrs. A. Frederickson held open 
house in Thatcher. 

At the annual banquet Friday evening, 
Chairman Rekerdre presided, with Byrl 
D. Phelps, of Municipal Engineers, Inc., 
San Diego, Calif., as master of cere- 
monies. An Indian theme prevailed, with 
the ladies in the traditional squaw dresses 
and the tables beautifully decorated in 
suitable fashion. Principal speaker was 
H. B. Rasch, Infilco Inc. 

At the business luncheon meeting on 
Saturday, the following officers were 
elected: chairman—M. V. Ellis, super- 
visor, Sewage Treatment Plant, Div. of 
Water & Sewers, Phoenix ; vice-chairman 
—Quentin M. Mees, associate professor 
of civil engineering, University of Ari- 


zona, Tucson; secretary—H. C. Biggle- 
stone, Board of Fire Underwriters of the 
Pacific, Phoenix. John Francis Rau- 
scher, hydraulic engineer, Tucson, was 
chosen to receive the Fuller Award. The 
meeting closed with a most colorful 
Hawaiian luau at the Safford Elks Club 
Saturday evening, following a most en- 
joyable cocktail hour sponsored by all the 
manufacturers’ representatives attending. 
Exotic flowers used in the table decora- 
tions and as favors for the ladies were 
flown from Hawaii for the occasion. 
Clark Webb, district manager of Pacific 
States Cast Iron Pipe Co., was master of 
ceremonies. A. W. (Dusty) Miller, 
Johns-Manville Corp., installed the fol- 
lowing newly elected members of the 
Sludge Shoveler’s Society with appro- 
priate rites: P. F. Pew, Paul Weir, Louis 
R. Ingram, and D. S. McFarland. 
QuENTIN M. MEEs 
Secretary-Treasurer 


Kansas Section: The Kansas Section 
held its eleventh annual joint meeting 
with the Kansas Sewage & Industrial 
Wastes Assn. at the Jayhawk Hotel, 
Topeka, Apr. 4-6, 1956. The attendance 
of 236 was the largest, thus far, in the 
existence of the two groups. Separate 
sessions were held Wednesday (Apr. 4) 
afternoon and Friday morning, and a 
general meeting was held all day Thurs- 
day. Technical papers presented covered 
such topics as hydraulic measurements, 
pipe specifications, chlorinating equip- 
ment, taste and odor control, maintenance 
of fire hydrants, highway legislation, in- 
dustrial-water reuse, pumps, radioactivity, 
weather control, rates, water shortages, 


(Continued on page 84 P&R) 
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For 
tomor 


net 
Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
_ cleaning provide for tomorrow’s expansion without 
/ capital expenditure today! We can prove that National 
’ cleaning is an investment—not an expense. 


Write us today! 


NATIONAL WATER MAIN CLEANING COMPANY 
; 50 Church Street + New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street * MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 
RICO; Luis F. Caratini, Apartado 2184. 


| 
ae 
| 
<j 


oyeul 


djay 0} sareys 
arey Aed Siosn pue 
Ajeyernooe — nod syIOM , SeUTYD 
“BUI SSOUISNG,, JO 
sed owosu! 


ue 10q jo spesu oyWeds ayy 
IO} peyMs Jespegq jo sedAy Aueur 
UI Jespegq ey} Aq Asva 
epeur st Ajddns INOA 
se yonul se Aq peonped st paiajour 
UI asn “peyseM IO 
—pesn sI Moy pue aiaym 
UMO MOA Jo 
-PAep ul ue Aejd 


{49SSD sow 


ANOA SI 


STy} 0} — «az 


-DM Juasaid plensayes 0} MOU OP NOK YUM 
‘quawmjipdap siy djay spaau ay — 


ereys sty 07 dinbe ATprey 
spuvy sty Ul spjoy ey 
Aueul ul Jofeu eB — O38 
-J1OYS 19} 8M JO UITJOIA B SI poxe|died sty], 
SPIeMO} 

days ysuiy *** 
pue eBesn uo ssideud eB 
epiAoud 


2 
wo 
\ 
wry 
= 
‘ 
is 4 
= 


J03peq,, 


shed yey} AWIOUODS UT 
-UI UB Jespeg jo drysisuMmo 
A}TUNUIUIOD 


NISNODSIM ‘St JaINVMTIW °OD 


‘sive ay} 


Jeyem djey 0} sereys 
Led awire cracn weornre nirw Ag rerr 


es 
# 


84 P&R 


Section Meetings 


SECTION MEETINGS 


Vol. 48, No.7 


(Continued from page 80 P&R) 


cathodic protection, meter testing and 
maintenance, and well construction. 

At the buffet supper Wednesday eve- 
ning, Jack Moranville, Mississippi Lime 
Co., acted as an eminently capable MC 
for Fred Townsend’s (Ash Grove Lime 
& Portland Cement Co.) highly enter- 
taining amateur floor show, and also gave 
an accomplished performance himself. 
Thursday evening more than 200 were in 
attendance at the annual banquet held at 
the Roof Garden of the Jayhawk Hotel. 
Guy Keeler of the University of Kansas 
gave the address. Twenty-six water 
works operators’ certificates were pre- 
sented by Howard A. Stoltenberg, secre- 
tary of the Certification Examining Board. 
Orville Kuran received the Section’s Past 
Chairman’s Award, Dorr Pelton doing 
the honors. Albert W. Rumsey, chief 
chemist, Board of Public Utilities, Kan- 
sas City, was nominated to receive the 
Fuller Award, Robert Hess, chairman of 


the committee, making the announcement 
and presentation of the committee’s signed 
letter with citation. 

The following officers were elected Fri- 
day at the business meeting held immedi- 
ately after the annual closing luncheon: 
B. H. Vanblarcum, chairman; Roy 
F. Bluejacket, vice-chairman; Robert J. 
Schenk, trustee; and H. W. Badley, secre- 
tary-treasurer. 

H. W. 
Secretary-Treasurer 


Nebraska Section: Lincoln was again 
the scene of the annual section convention 
Apr. 11-13, conducted jointly with the 
Utilities Section of the League of Ne- 
braska Municipalities. The very fine 
meeting included a full schedule of excel- 
lent technical papers and enjoyable social 
events. (A list of water works papers 
and their authors will be published in the 
December 1956 JourNAL.) The annual 


Content on bage 86 POR) 


95%, Guaranteed Minimum 


Comparison .. . 


A check of the percentage 
strength you may be using 
will prove that Monolith 
and ONLY Monolith offers 
95% minimum concentrate. 


Monolith quickly forms a dense, 
rapid settling floc which produces 
right effluent ideal for filtering. 


“MONOLITH SODIUM ALUMINATE 


for water clarification & softening 


Only Monolith offers this 95% sodium aluminate with added 
advantage of correspondingly low insoluble content. Thus Mono- 
lith goes farther. A 90% grade is also available. 


Low excess soda gives less suscep- 
tibility to caking... gives more 
feeder and chemical efficiency. 


Write for samples and prices 


and the name of our distributor nearest you. 


MONOLITH PORTLAND MIDWEST Co. 


Oxide Division 


Tramway Bldg. AMherst 6-1933 Denver 2, Colo. 
Manufacturers of Portland Cement for over 25 years. 


Plants in California and Wyoming 
MP6.-1 
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Get all the facts on 
TRANSMISSION PIPE... 
and you'll specify 
ALCO electric welded steel pipe 


Consider these advantages in terms of your needs: 


Fact #1 STRENGTH — Atco electric welded steel pipe is unaffected 
by vibration, has maximum resistance to shock and overload- 
ing due to earth movement and washouts. Can be supported 
on piers at 40-ft centers to span marshes and ravines. 


Fact #2 OURABILITY — A.co steel pipe has long life, estimated up to 
75 years. Withstands normally damaging force or impact 
through flexibility and strength. 


F. act #3 ECONOMY -— First cost of Atco electric welded steel pipe is 
low. Installation cost reduced by long lengths, light weight. 
More strength against bursting per dollar than other type of 
transmission pipe. 

Fact +4 EFFICIENCY — Smooth, high-gloss tar-enamel inside surface 
gives maximum rate of flow, minimum friction loss. 


Fact #5 ADAPTABILITY — Electric welded steel pipe can be trans- 
ported over rough terrain without breakage, can be installed 
under water, in mud, sand, across ravines and on steep slopes 
without special care. 


Fact #6 MANY JOINING METHODS — A.co electric welded steel pipe 
joints may be welded, flanged or Dresser-coupled. Can be 
joined to be leakproof under pressure conditions ranging 
from vacuum to thousands of pounds per square inch of 
water, air, gas or steam. 


Fact #7 WIDE SELECTION — Atco electric welded steel pipe sizes, 
wall thickness and section lengths give you, in effect, a cus- 
tom-tailored pipe. Special sections are available. 


Ask your nearest ALco sales office for a copy of “Alco Electric 
Welded Steel Pipe For All Type Of Installations,” or write 
P. O. Box 1065, Schenectady 1, N. Y. 


| Atco Prooucts, inc. 


New York 
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banquet was one of the highlights of the 
meeting. The coveted Fuller Award 
nomination went to Bert Gurney, who has 
done a very great deal in the development 
of the Nebraska Section and has displayed 
a keen interest in water works affairs. 
Bill Orwig, director of athletics at the 
University of Nebraska, gave a humorous 
and informative talk on that subject. J. 
W. Van De Water, of the North Western 
Bell Telephone Co. in Omaha, showed 
colored slides of a 163-mile 10-day canoe 
trip he and his wife made down the Colo- 
rado River. Mr. Van De Water narrated 
the presentation and all shared in his very 
interesting experience. 

At the business meeting the following 
officers were elected: Carl L. Fisher, 
chairman; George H. Beard, vice-chair- 
man; John E. Olsson, secretary-treasurer ; 
and Bert Gurney, director. Retiring 
Chairman E. Bruce Meier automatically 
became a member of the board of trustees. 

Mrs. John W. Cramer provided a ladies 
program for the twelve Section wives in 
attendance. 

Joun E. 
Secretary-Treasurer 


New York Section: The New York 
Section held its annual spring meeting 
at the Hotel Utica, Utica, on Apr. 18~20, 
1956. The total registration was 309. 
The technical program [which will be 
fully listed in the December 1956 Jour- 
NAL] covered various aspects of meter- 
ing, cast-iron pipe inspection and pur- 
chasing, a description of the new Utica 
Board of Water Supply service building, 
distribution storage, training and certifi- 
cation, and main disinfection. 

John T. McKennan, mayor of Utica, 
gave the address of welcome at the 
Thursday (Apr. 19) luncheon. Chairman 
Everett Rowley announced the election of 
John G. Copley, general manager, Elmira 
Water Board, as director and Carl W. 
Kidd, superintendent, Water & Sewer 
Dept., Danville, as trustee. 

Prior to the banquet Thursday eve- 
ning, a Club Room party was given 


through the courtesy of the Water & 
Sewage Works Manufacturers Assn. At 
the banquet Life Membership was 
bestowed on George H. Buck, Christopher 
T. Chenery, Grover R. Reckard and Mau- 
rice R. Scharff. Entertaininent was pro- 
vided by “The Colgate 13,” who sang 
both new and old songs during and after 
the banquet. A beer party followed the 
banquet with Leo Aiello and his barber- 
shop chorus entertaining. 

KIMBALL BLANCHARD 

Secretary-Treasurer 


Pennsylvania Section: The eighth an- 
nual meeting of the Pennsylvania Section 
was held in Philadelphia, at the Bellevue- 
Stratford Hotel, Apr. 3-5, 1956. This 
was the most successful meeting of the 
Section, with a total official registration 
of 295. The program presented was well 
received and included 2 days of technical 
sessions. The subjects discussed included: 
use of the network analyzer (the device 
was demonstrated at City Hall Annex 
throughout the meeting), automatic co- 
agulation control, training, hurricane 
problems, service line friction losses, fu- 
ture planning, extension financing, and 
treatment plant facilities. 

After the Wednesday (Apr. 4) lunch- 
eon, at which greetings were extended 
by S. S. Baxter, water commissioner of 
Philadelphia, and at which the guest 
speaker was Dr. James Creese, president, 
Drexel Institute of Technology, Phila- 
delphia, an inspection tour of the Phila- 
delphia water works was made by the 
men, while the ladies attended a bridge 
and canasta party. 

At the business session Thursday after- 
noon the following officers were selected 
for the ensuing year: chairman—B. 
French Johnson; vice-chairman—P. W. 
Miller; secretary-treasurer—L. S. Mor- 
gan; and trustee (3 years)—Homer E. 
Beckwith. 

The annual banquet was held Thursday 
evening with guest speaker Frank C. 
Amsbary Jr. giving news of the Associa- 
tion. The nominee for the Fuller Award 


(Continued on page 88 P&R) 
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At St. Petersburg’s new Cosme filter plant 


Cosme Plant: Filter capacity 24 MGD « Consulting Engineers: Greeley and Hansen 
Mechanical Contractor: Bass Construction Co. 


Simplex provides Centralized 
automatic filter control! 


The St. Petersburg, Florida, water system has just been ex- 
panded. In the Cosme plant, the latest addition—a new, master 
pneumatic control system provides the dependable accuracy that 
assures maximum filter efficiency. 

Backbone of the system are tried and proven Simplex “S” 
Controllers for each filter to keep rate-of-flow constant despite 
changes in head. From these direct-acting controllers, new Sim- 
plex Laminair Converters transmit pneumatic signals instantly. 
So at the new, sensitive bellows-type Receiving Instruments, 
there’s no hunting, no lag, no inaccuracies! 

Results: Rate of flow, loss of head and water levels are indi- 
cated and recorded, with total plant flow summated, at one cen- 
tral table that operates all filters at optimum rates. 


Filter gallery: Diaphragm pots for Mas- At this one table, Simplex pneumatic 
ter Pneumatic System are just above receivers give centralized measurement 
counterbalanced arms of the Simplex of summated plant output and central- 
Controllers. ized control of flow. 
FREE TECHNICAL INFORMATION! 
Write Simplex Valve & Meter Company, Dept. JA-7 
E. Orange St., Lancaster, Pa. 


VALVE METER COMPANY 


Accurate instruments 
and controls 
for over 50 years 


- \ 
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was announced as John H. Murdoch Jr. 
Life Membership awards were also pre- 
sented to Francis S. Friel and Willard 
N. Greer. 

Among the activities planned and en- 
joyed by those attending the meeting were 
the preconvention get-together Tuesday 
night and the cocktail hours Wednesday 
and Thursday, all sponsored by the Water 
& Sewage Works Manufacturers Assn. ; 
the ladies toured historic sites in Phila- 
delphia Thursday morning and then at- 
tended luncheon at the Warwick Hotel as 
guests of Mr. and Mrs. Friel; the men 
interested engaged in a golf tournament; 
and the coffee hours (new this year for 
the Section) were well attended by both 
sexes. It was felt that this was the best 
meeting in the 8-year history of the Penn- 
sylvania Section. 

L. S. Morcan 
Secretary-Treasurer 


Southeastern Section: The Southeast- 
ern Section held its 27th annual meeting 
at the Bon Air Hotel, Augusta, Ga., Mar. 
18-21, 1956, with 319 members and guests 
registered. The meeting was formally 
opened Monday morning (Mar. 19) with 
a brief but hearty welcome by Hugh L. 
Hamilton, mayor of Augusta. Monday 
afternoon was devoted to an inspection of 
the very modern power generating plant 
of the South Carolina Electric & Gas Co. 
near Augusta, with many also visiting the 
modern and well operated water purifica- 
tion plant of the city of Augusta. 

The technical program dealt with 
weather modification, distribution sys- 
tems, water district development, tastes 
and odors, industrial-water demand, safety 
practices, and casualty insurance. 

At the business session Tuesday noon 
Carl C. Lanford, engineer and superin- 
tendent, Commissioners of Public Works, 
Greer, S.C., was elected chairman; L. E. 
Wallis, superintendent, Water & Light 
Dept., Blakely, Ga., was elected vice- 
chairman ; and Lewis R. Simonton, super- 
intendent of water purification, Griffin, 
Ga., was elected trustee. The Executive 


Committee had previously reelected N. 
M. deJarnette secretary-treasurer. 


Other 


business included adoption of a resolu- 
tion urging members of Congress from 
Georgia and South Carolina to support 
legislation relieving water utilities of the 
cost of relocating their facilities. 

Social activities included a “Get Ac- 
quainted Party” Sunday evening; a bar- 
becue, bingo game, and club room enter- 
tainment Monday evening, and a cock- 
tail hour, banquet, and dance Tuesday 
evening. Part of these activities were 
sponsored by the Water & Sewage Works 
Manufacturers Assn. and part by the city 
of Augusta. Ben A. Hinson (chairman ) 
Denzle Q. Whitehair, and Charles F. 
Lynn, serving as the Club Room Commit- 
tee for WSWMA, and Leopold Mothner 
and Marion B. Cooper, serving as the 
city’s Local Arrangements Committee, had 
planned all details in a most thorough 
manner and received high praise and 
sincere thanks from the entire assembly. 

Charles Floyd, Badger Meter Co., 
Greenville, S.C., entertained and _ thor- 
oughly baffled the audience at the Mon- 
day evening party with a series of magic 
feats, and Joseph W. White, Pure Oil 
Co., Atlanta, speaking at the banquet, 
kept the guests in a hilarious mood with 
his witty remarks. 

William R. Wise, manager and engi- 
neer of public works, Greenwood, S.C., 
who as chairman of the Program Com- 
mittee had been largely responsible for 
the technical program, also served as 
toastmaster at the banquet, presenting a 
plaque and gavel to Retiring Chairman 
Bruce J. Sams, Savannah. Twenty-five- 
year membership pins were awarded to 
J. G. Beacham, Paul Killian, and N. M. 
deJarnette. The Fuller Award Commit- 
tee announced that Robert C. Kauffman 
had been chosen as the Section’s nominee. 

The visiting ladies were delightfully 
entertained on Monday with a tour of 
Augusta’s scenic and historic spots and 
on Tuesday with a bridge luncheon at 
the Augusta Country Club, these events 
having been arranged by Mrs. Julia Clark, 
chairman, and others on the Ladies En- 
tertainment Committee. 

N. M. DEJARNETTE 
Secretary-Treasurer 
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The “Baffling”’ 
answer to your 
flocculation 


Here’s the answer to more efficient, 
economical flocculation—the Rex 
Floctrol. Designed with a unique 
combination of mixing paddles, 
rotating baffles and fixed partition 
walls, this exclusive Rex® devel- 
opment gives you these outstand- 
ing advantages: 


e Minimum amount of chemical 
required...low cost. 


@ Flexibility...tank sizes, paddle 
and baffle arrangements to suit 
any condition or volume. 


e Large, readily settleable floc. 
@ No “short circuiting”... paddle 


axis parallel to line of flow. 


e Low horsepower cost...no 
wasted power “bucking” flow. 


The cross section below indi- 
cates the efficiency of the Floctrol 
design...small rotating influent 
baffles and large effluent baffles 
assure full utilization of tank vol- 
ume. These proportioned baffles 
and ports eliminate short circuit- 
ing...reduce amount of chemicals 
needed...assure most efficient floc- 
culation. 

For complete information, write 
CHAIN Belt Company, 4609 W. 
Greenfield Ave., Milwaukee 1, Wis. 


CHAIN! company 


Milwaukee 1, Wisconsin 


P&R 89 


: 
7 
bs 
e 
bl 
problems 
===, 
fib 


AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 
Applications received May 1-31, 1956 


Abbott, Wells O., Jr., Civ. Eng. 
Asst., Dept. of Water & Power, 
207 S. Broadway, Los Angeles 
54, Calif. (Apr. ’56) D 

Ackermann, William C., Chief, 
State Water Survey, Box 232, Ur- 
bana, Ill. (Apr. ’56) R 

Ahrens, Alden Frederick, Chief 
Water Service Inspector, Div. of 
Water, 565 N. Erie St., Toledo, 
Ohio (Apr. ’56) D 

Akers, Ward L., San. Engr., State 
Dept. of Public Health, 121—4th 
a Rock Island, Ill. (Apr. ’56) 


Alexander, Richard D., Engr., 
Baldwin & Cornelius Co., 117 W. 
Sunrise Hwy., Freeport, N.Y. (Apr. 
RPD 

Anderson, Marshall A., Vice- 
Pres.-Treas., American Water Works 
Co., Inc., c/o American Water 
Works Service Co., 3 Penn Center 
Plaza, Philadelphia 2, Pa. (Apr. 
56) M 


Barber, Arthur Houghton, Jr., 


Chief Engr., Walter Hook & As- 
socs. Inc., Box 1297, Charlotte, 
N.C. (Apr. P 

Barney, Robert A., Lab. Tech- 
nician, Water Dept., City Hall, 
ae City, Okla. (Apr. ’56) 

Bascom, W. Broughton, Pres., 
Sterling Water Co., 116 N. 5th 
St., Allentown, Pa. (Apr. ’56) M 


Becker, Dean C., Engr., St. Louis 
County Water Co., 8390 Delmar 
Blvd., St. Louis 24, Mo. (Apr. 
56) P 

Berkemeyer, Robert, Chemist, 
Grand River Dam Authority, Cho- 
teau Steam Plant, Pryor, Okla. 
(Apr. ’56) P 

Boehmer, August D., Salesman, 
Robert McGivern & Assocs., 
1771 W. Sth Ave., Columbus 12, 
Ohio (Apr. ’56) PD 

Bowen, Marshall R.: see Centra! 
Basin Munic. Water Dist. 

Bradley, Earl C., Jr.; see Tyler 
Pipe & Foundry Co. 

Bradley, Milford E., Sales & Serv- 
ice, Warren Chem. Co., Inc., Chi- 
cago Heights, Ill. (Apr. 56) 
MRPD 


Brighton, City of, Domenic Kio- 
mento, Supt., Water & Sewerage 
Dept., 420 S. 3rd St., Brighton, 
Mich. (Corp. M. Apr. 56) MRPD 


Brookes, Ned V., Director, Public 
Works, City Hall, Borger, Tex. 
(Apr. ’56) 


NEW MEMBERS 


Brown, George W., ZJr., 
Chief Engr. & Supt., Water Dept. 
Kansas City, Mo. (Apr. 56) MD 

Bryant, George T., Asst. Prof. 
of San. Eng., 508 Ames Hall, 
Johns Hopkins Univ., Baltimore 18, 
Md. (Apr. ’56) RP 

Burlingame, Roland S., Partner, 
Camp, Dresser & McKee, 6 Beacon 
St., Boston 8, Mass. (Apr. ’56) 
MPD 


Carlson, Richard W., Jr., Sales 
Repr., Neptune Meter Co., 1507 
St., Aberdeen, (Apr. 
56) J 


Cashman, Charles Engr., 
Clyde E. Williams & Assocs. Inc., 
312 W. Colfax Ave., South Bend 
1, Ind. (Apr. ’56) RPD 

Central Basin Munic. 
Dist., Marshall R. Bowen, Di- 
rector, 7439 E. Florence Ave., 
Downey, Calif. (Corp. M. Apr. 
56) R 

Cheak, Alfred J., Secy.-Treas., 
Maywood Mutual Water Co., No. 
1, 5953 Gifford Ave., Huntington 
Park, Calif. (Apr. ’56) MD 

Chelsea, Edwin D., Gen. Design 
Engr., Chicago Park Dist., Ad- 
ministration Bldg., 425 E. 14th 
Chicago, Ill. (Apr. ’56) 


Chemical Testing Corp., Fred- 
erick M. Spitz, Gen. Mgr., 29-28 
—4lst Ave., Long Island City 1, 
N.Y. (Corp. M. Apr. ’56) 

Ching, Theodore K. C., Civ. 
Engr., Board of Water Supply, Box 
3410, Honolulu 1, Hawaii (Apr. 
PD 

Clabaugh, Ernest L., Administra- 
tive Asst. Plant Engr., Ravenna 
Arsenal Inc., Apco, Ohio (Apr. 
56) M 

Clark, Bill C., Supt., 
County Water Control & Irriga- 


Galveston 


tion Dist. No. 12, Kemah, Tex. 
(Apr. MPD 
Clayton County Water Au- 


thority, Robert 
Mgr., Jonesboro, 
Apr. MD 

Clough, Ross 8., Water Supt., 
lage of Alsip, 4500 W. 
Blue Island, Ill. (Apr. ’°56) MPD 

Coe, Harvey, Jr., Branch Mgr., 
Watertower Paint & Repair Co., 
Inc., Box 306, Clear Lake, Iowa 
(Apr. MP 

Columbia, J. Z., Mgr., Borough of 
Ambridge Water Authority, R.D. 
2, Burgettstown, Pa. (Apr. ’'56) 

Corlett, Thomas Bruce, Jr., 
Asst. Engr., Water Dept., Fridley 
Softening Plant, 43rd & Marshall 
Ave. N.E., Minneapolis, Minn. 
(Apr. ’56) M 

Courtney, Robert C., Asst. to 
City Engr., Denton, Tex. (Apr. 
MPD 

Crow, Harry B., Supt., Water & 
Sewer Utilities, 240—Sth Ave. W., 
Kirkland, Wash. (Apr. 56) MD 

Cunningham, Guilford, Supt., 
Water Works, Fort Pierre, S.D. 
(Apr. ’°56) MPD 

Dague, Harold F., 
American Plastic Pipe Corp., 
re Fairmont, Calif. 
MRPD 


E. 
Ga. (Corp. 


Vice-Pres., 
16616 
(Apr. 
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Dalbke, Richard G., Head, Water 
Treatment Div., Tech. Sales Serv- 
ice, Dearborn Chem. Co., Mer- 
chandise Mart Plaza, Chicago 54, 


Ill. (Apr. ’56) P 
Day, Alfred V., Asst. Utilities 
Engr., State Public Utilities Com., 


State Bldg., San Francisco, Calif. 
(Apr. ’56) RPD 

Deacon, Romaine K., Sales Repr., 
Wallace & Tiernan Inc., 213 Carl- 
ton Terrace Bldg., Roanoke, Va. 
(Apr. RP 

DeBourge, Rudy B., Gen. Mgr., 
Commonfields of Cahokia Public 
Water Dist., 705 Upper Cahokia 
Rd., East St. Louis, Ill. (Apr. 
M 

De Falco, George, Asst. Civ. 
Engr., Design Div., Dept. of Wa- 
ter Supply, Gas & Elec., Munici- 
pal Bldg., New York 7, N.Y. (Apr. 
°56) MRPD 

De Sola, Ricardo, Director of 
Aqueducts, Mijares a Mercedes No. 
33, Caracas, Venezuela (Apr. ’56) 

Dettloff, A. F., Mgr., Rogers City 
Power Co., 221 N. 3rd St., Rogers 
City, Mich. (Apr. ’°56) MD 

Dickerson, Bruce W., San. Engr., 
Hercules Powder Co., Delaware 
Trust Bldg., Wilmington, Del. 
(Apr. ’56) RP 

Dunn, Angus 
Dept., Staunton, 
MP 

Dusold, Edward H., Field Super- 
visor, Watertower Paint & Repair 


Va. 


Water 
56) 


Supt., 
(Apr. 


Co., Inc., Box 306, Clear Lake, 
Iowa (Apr. '56) MP 
Dykhuis, Elmer P., Supervisor, 
Water & Sewage Works Sales, 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. (Apr. ’56) 
Easterday, Robert Elton, Asst. 
Div. Engr., Water Dept., 1640 S. 
Kingshighway, St. Louis 10, Mo. 
(Apr. D 
Engeman, George H.; see Lou- 
doun Water Corp. 
{.| Engine & Equipment Co., Em- 
| mett G. Simmons, 2102 E. 28th 
St., Long Beach 6, Calif. (Assoc. 
M. Apr. ’56) 


Epstein, Arthur J., Chemist, St. 


Louis County Water Co., 8390 
Delmar Blvd., St. Louis 24, Mo. 
(Apr. ’56) P 

Fabing, Lester G., Supt., Water 
Works, Light & Water Dept., 119 
W. Walnut Ave., Lompoc, Calif. 
(Apr. ’56) MRPD 

Fago, Anthony, Pres., Fago 
Brothers Contracting Co., Inc., 521 


Young St., Tonawanda, N.Y. (Apr. 
56) D 

Fago, Joseph, Vice-Pres., Fago 
Brothers Contracting Co., Inc., 521 
Young St., Tonawanda, N.Y. (Apr 
D 

Fee, Arthur E., Sr. Engr., J. L 
Richards & Assocs., 50 Glencairn 
Ave., Ottawa 1, Ont. (Apr. ’56) 

Feingold, Morton, Civ. Eng. Asst., 
Dept. of Water & Power, Box 3669 
Terminal Annex, Los Angeles 54, 


Calif. (Apr. ’56) D 

Fenger, Albert C., Asst. City 
Engr., Greenville, Miss. (Apr. ’56) 
M 
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HAVE YOU YOUR COPY? 


Now—one of the most com- 
prehensive catalogs ever 
published in the industry. 
Completely new from cover 
to cover. 148 pages show- 
ing the Greenberg line in 
its entirety—new items, 
new illustrations, detailed 
descriptions, specification’s 
and list prices. A must for 
the catalog library of every 
Engineer, Architect, Pur- 
chasing Agent, Pipe, Valve, 
Fitting and Plumbing Job- 
ber. Write for your copy 
today! 


STABILITY 1864 


M.GREENBERGS SONS 
765 Folsom Street 


G EENBERG San Francisco 7, California 


Offices in Principal Cities throughout United States 


Manufacturers of: Underwriters Approved fire hydrants, hose valves and siamese 
cti Fire protection hose goods; industrial, Navy and maritime bronze 

valves and fittings; plumbing and hardware brass specialties; bronze plaques, 
letters and name plates; cr tory a tery b products. 


PLEASE MAIL THIS COUPON TODAY 


I 

4 


M. GREENBERG’S SONS * 765 FOLSOM ST. * SAN FRANCISCO 7, CALIFORNIA 
Gentlemen: Please send me a copy of your new catelog. 


Firm Neme 


Address 


City Zone State 


By 
If additional copies are desired, please list name and title of person te receive catalog. 


2 
¥ “a, 
GREENBERG 
— ( 4 
CALIFORNIA 
BRONZE PRooucrs 
| 
1 


92 PER 


Fisher, George R., City Engr. & 
Water Supt., Pasco, Wash. (Apr. 
56) M 

Fisk, Charles C., Administrative 
Asst., Water Board, City & County 
Bldg., Denver, Colo. (Apr. ’56) 
MRD 


Flucard, Oren A., Supt., Water & 
Sewer Dept., Box 368, Gravette, 
Ark. (Apr. ’56) MP 

Fowler, R., Administrative Asst., 
Water Dept., 323 County-City 
Bldg., Seattle, Wash. (Apr. ’56) 

Freeman, Arthur C., I11, Water & 
Sewer Engr., Dept. of Public 
Works, Norfolk, Va. (Apr. ’56) 

Frison, Paul, Director, Ozone 
Dept., Societe Trailigaz, 55, Ave. 
A. France, Colombes (Seine), 
France (Apr. 

Fuehrer, Patricia L. (Miss), Jr. 
San. Engr., State Dept. of Health, 
Bureau of San. Eng., 413 First 
National ae Bldg., Greensburg, 
Pa. (Jr. Apr. ’56) RP 

Gamble, B., Jr., Vice- 
Pres., American Water. Works Serv- 
ice Co., Inc., 3 Penn Center Plaza, 
Philadelphia 2, Pa. (Apr. ’56) M 

Gammeter, Edward T., Maint. 
Supt., Water Dept., 4600 McRee, 
St. Louis, Mo. (Apr. 56) MD 

Gillespie, M. W., Dist. Maer., 
Pittsburgh Pipe Cleaner Co., 434 
Primos Ave., Folcroft, Pa. (Apr. 
56) D 

Glenn, Charles A., Gen. Sales Mgr., 
Lynchburg Foundry Co., Lynch- 
burg, Va. (Apr. '°56) MRPD 

Green, Severn T., Sales Engr., 
Laval Steam Turbine Co., 
Daniel Bldg., Tulsa, Okla. 
PD 

Greensboro Public Service Dept., 
W. M. Lybrook, Director, Rm. 
301, Municipal Bldg., Greensboro, 


206 
(Apr. 


N.C. (Munic. Sv. Sub. Apr. °56) 
MRPD 

Grimes, Paschal, City  Engr., 
Memorial Bldg., Chanute, Kan. 
(Apr. ’56) M 

Gulf Seal Corp., Jar! R. Sahol, 
Vice-Pres., 1522 felrose Bldg., 


Houston 2, Tex. (Assoc. M. Apr. 

56) 

Hanson, Harry G., Director, US 
Public Health Service, Robert A. 
Taft San. Eng. Center, 4676 Co- 
lumbia Pkwy., Cincinnati 26, Ohio 


(Apr. 
Hart, Roger L., Water Works 
Operator, Ravenna Arsenal Inc., 
Apco, Ohio (Apr. ’56) PD 


Hayward, Homer J., Assoc. Engr., 


Ayres, Lewis, Norris & May, 500 
Wolverine Bldg., Ann Arbor, Mich. 
(Apr. '56) RPD 

Heydman, Irvan W., Maint. Fore- 
man, Hefner Filtration Plant, 
Oklahoma City, Okla. (Apr. °56) 
MD 

Hildenbrand, Leo R., Magr., Wa- 
ter Dept., Bismarck, N.D. (Apr. 
M 

Hollifield, Howard, Div. 
Commercial Mer., Burns & Roe 
of Michigan, Inc., Book Bldg., De- 
troit 26, Mich. (Apr. ’56) MRPD | 

Hopp, Carl W., Sales Mgr., Ameri- 
can Pipe & Constr. Co., 518 N.E. 


Columbia _ Portland 11, 
(Apr. ’56) D 


NEW MEMBERS 


(Continued from page 90 P&R) 


Hunt, James F., Sales Repr., 
American Cyanamid Co., 3333 Wil- 
kinson Blvd., Charlotte, N.C. (Apr. 
RPD 

Hurlbut, Robert 
City of Miller, Box 374, Miller, 
S.D. (Apr. ’56) MRD 

Johnson, A. S., Mer., 
Sewage Works, Earle, 
56) M 


A., Gen. Supt., 


Water & 
Ark. (Apr. 


Johnson, Albert H., Public Health 
& Safety Div., Tennessee Valley 
Authority, Chattanooga, Tenn. 
(Apr. RP 

Johnson, Robert W., Chemist, 
St. Louis County Water Co., 8390 
Delmar Blvd., St. Louis 24, Mo. 
(Apr. P 

Johnson, Stanford E., Foreman, 
Water Dept., Sturgeon Bay Utili- 
ties, Box 239, Sturgeon Bay, Wis. 


(Apr. MD 

Keady, G. H., Supt., Public Works, 
Pittsfield, Ill. (Apr. ’56) M 

Kiomento, Domenic; see Brighton 
(Mich.) 

Kleine, Charles F., Assoc. Hydr. 
Engr., State Dept. of Public Works, 


Div. of 

North St., 

RP 
Kraft, 


Water Resources, 1170 
Sacramento, Calif. (Apr. 


Gerald G., Gen. 
Kraft Chem. Co., 917 W. 
Chicago 8, Il. (Apr. 56) 

Alan B.; see Lewin- Mathes | 


Mgr., 
18th St., 


oe Co., Alan B. Lewin, 
Vice-Pres., 111 Chouteau Ave., St. 
Louis 2, Mo. (Assoc. M. Apr. ’56) | 

Loudoun Water Corp., George H. 
Engeman,  Secy., Sterling, Va. 
(Corp. M. Apr. 56) M 

Lucas, Perry, Water Supt., Lake- | 
wood Water & Power Co., 2965 E 
Carson St., Lakewood, Calif. (Apr 
56) PD 

Luis, Mantilla F., Dean, Faculty 
of San. Eng., Univ. of Engineering, 
Lima, Peru (Apr. ’56) PD 

Lum, Richard W. K., Civ. Engr., 
Board of Water Supply, Box 3410, 
Honolulu 1, Hawaii (Apr. '56) RD | 

Lund, William J., Water Works 
Operator, 211—Ist St., E., Canby, 
Minn, (Apr. MD 

Lybrook, W. M.; see Greensboro | 
(N.C.) Public Service Dept. 

Lyon, Charles R., Design Engr., 
R. Ruskin Fisher & Assocs., 17962 | 
Aurora Ave., Richmond Highlands, 


Ore. | 


Wash. (Apr. ’56) PD 

Mack, J. L., Jr., Vice-Pres., White | 
Star Sales Corp., Box 958, Jack- | 
sonville, Fla. (Apr. '56) D 

Mann, R. D., Sales Engr., Fischer | 
& Porter Co., 22750 Woodward, | 
Detroit 20, Mich. (Apr. ’56) P| 

Maper, John L., Regional Sales 
Megr., Sparling Meter Co., 225 N. 
Temple City Blvd., El Monte, | 
Calif. (Apr. ’56) R 

Markoff, Daniel, Corrosion Engr., 
D. Markoff Assocs., Box 541, 
Beach, Calif. (Apr. ’56) 

1D 

McBride, H. D.; see Monolith 
Portland Midwest Co. 

McDonald, Thomas L., Sr. San. | 
Chemist, Safety Control Sec., 3300 
E. Cheltenham Chicago, III. 


(Apr. °56) P 


(Continued on page 94 P&R) 


| Moore, 


Ow ers, 


| Pebworth, 


Peletz Co., 
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McKim, Robert D., Civ. Engr., 
Black & Veatch, 4706 Broadway, 
Kansas City, Mo. (Apr. ’56) MRP 

McMullen, Robert E.; see Clayton 
County (Ga.) Water Authority 

Meginnis, Charles E., Dist. Sales 
Mgr., Davison Chem. 
w. R. Grace & Co., 

, Chicago 3, Il. 

eae Diego B., Secy., 
cional de Obras Sanitarias, 
Mercedes Blidg., Caracas, Venezuela 
(Apr. ’56) 

Michael, W. F., Sales Engr., Dorr- 
Oliver-Long Ltd., 26 St. Clair Ave. 
E., Toronto, Ont. (Apr. ’56) 

Milinowski, Arthur 8., Assoc. 
Engr., Buck, Seifert & Jost, 112 E. 
19th St., New York 3, N.Y. (Apr. 
R 

Miller, Perry E., Chief, Industrial 
Waste Sec., State Board of Health, 
1330 W. Michigan, Indianapolis, 
Ind. (Apr. RP 

Graduate Stu- 


Moeller, Delmer H., 
dent, Univ. of Wisconsin, Hydr. & 
Madison, Wis. (Jr. M 


San. Lab., 

Apr. P 

Monolith Portland Midwest Co., 
H. D. McBride, Mgr., Oxide Div., 
208 Tramway Bldg., Denver z. 
(Assoc. M. Apr. 
William B., Civ. Engr., 
Carey & Kramer, 1917—Ist Ave., 
Seattle 1, Wash. (Apr. ’56) P 

Moulton, Howard A., Field Supt., 
Water Distr., Dept. "of Water & 
Power, Box 3669 Terminal Annex, 
Los Angeles 54, Calif. (Apr. ’56) 
MRPD 

Murphy, Raymond F., Partner, 
Murphy & Hastings, 650 El Camino 
Real, _—— City, Calif. (Apr. 
56) 


( Apr. 


Colo. 


Nair, DamodaranAsan Appukut- 


tan, Public Health Engr., Tra- 
vancore-Cochin State, Trivandrum 
1, India (Apr. 56) PD 

Naylor, Earl H., Supt., Water 
Dept., Board of Water Comrs., 
Burlington, N.J. (Apr. MRPD 

Nicol, James 8., Dist. Sales Mer., 
The Permutit Co., 1111 Nicolet 
Ave., Minneapolis, Minn. (Apr. 
56) P 

Leonard E., San. Engr., 
Provincial Dept. of Health, 807 
Richmond St. W., Toronto, Ont. 
(Apr. 

Palmer, James A., Fuels 
Libbey-Owens-Ford Glass Co., 
E. Broadway, Toledo 5, 
(Apr. RP 

Parry, Irvin H., Field Supervisor, 
Watertower Paint & Repair Co., 
Inc., Box 306, Clear Lake, Iowa 
(Apr. '56) MP 

Ww. B., 

2108 Brewton 
gomery, Ala. (Apr. 

Peletz, Harold; see Peletz Co. 

Inc., Harold Peletz, 
Pres., 475 W. College Ave., Santa 
Rosa, Calif. (Assoc. M. Apr. '56) 

Perlick, Edward E., Sales Engr., 
Allis-Chalmers Mfg. Co., Rm. 4110, 


Engr., 
1701 
Ohio 


Hersey Mfg. 
St., Mont- 
56) 


Co., 


135 S. LaSalle St., Chicago 3, 
Ill. (Apr. ’56) PD 
Press, Emil A., Deputy Supt., 


Office of Planning, Design & Eng., 
District of Columbia Dept. of San. 
Eng., District Bldg., Washington, 
D.C. (Apr. ’56) MD 
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service! 


Ramuc® Mildew-Resistant Enamel guards 250-foot-long tunnel connecting head- 
house with pumping section. Flanked on either side by one million gallons of 
cold water in twin reservoirs, the warmer tunnel is subject to heavy condensation 
and dripping. Tunnel is but one of many Inertol-protected areas of this plant. 


Pacific Northwest's Largest Municipal Water Plant 


The largest municipal water filtration plant 
in the Pacific Northwest, the 37.5-MGD 
Hayden Bridge installation serves over 
60,000 persons in the fast-growing Eugene 
metropolitan area. 

Inertol coatings, specified for this plant 
by Consulting Engineers Stevens & Thomp- 
son, Portland, provide attractive, cost-cut- 
ting protection safeguard surfaces 
against condensation, mildew, abrasion, 
submersion and weather. 


Specifications for Ramuc 
Mildew-Resistant Enamel! 
A glossy, mildew-resistant, chlorinated nat- 
ural rubber-base coating, in color, for non- 
submerged concrete, steel and indoor wood 
surfaces. 


Concrete Surfaces: Colors: color chart 
560. No. of coats: one coat Ramuc Mildew- 


Resistant Enamel over two coats Ramuc 
Undercoater. For flat finish, two coats 
Ramuc Mildew-Resistant Flat to bare 
masonry—omit undercoater. Coverage : 250 
sq. ft. per gal. per coat. Approximate mil 
thickness per coat: 1.2. Drying Time: 24 
hours. Primer: Ramuc Mildew-Resistant 
Undercoater (2 coats). Thinners: Inertol 
Thinner 2000-A for brushing; 2000 for 
spraying. Application: Brushing: Ramuc 
Mildew-Resistant Enamel—brush type, as 
furnished. Spraying: Ramuc Mildew-Resist- 
ant Enamel—spray type, add sufficient 
Thinner 2000 for proper atomization. 

Buy Inertol paints direct from the manu- 
facturer. Shipment within three days from 
our plant, or from nearby warehouse stocks. 
Write today for free “Principal Types of 
Protective Coatings,” a short course in prac- 
tical paint technology. 


Write for specifications for steel surfaces 
and for Ramuc Floor Enamel —— 


@ Ask about Rustarmor,®& Inertol's new h troll 
INERTOL CO., INc. 


QP” 484 Frelinghuysen Ave., Newark 12, N. J.* 27G South Park, San Francisco 7, Cal. 


d rust-neutralizing paint. 
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Inertol® coatings protect Hayden Bridge Filtration Plant, Eugene, Oregon i dl 
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Proudfit, Donald P., Project Engr., | Stoffel, L. L., Sales Repr., Johns- | Watson, John M., Asst. Dist. Mgr., 
Black & Veatch, 4706 Broadway, Manville Sales Corp., Pipe Div., Permutit Co. of Canada Ltd., 5500 
Kansas City, Mo. (Apr. ’56) 1642 Sunfield St., Madison 4, Royalmount Ave., Montreal, Que. 

Reeder, Harvey W., Civ. Eng. Wis. (Apr. ’56) D (Apr. 56) P 
Asst., Dept. of Water & Power, | Symons, Kelvin, San. Engr., Pro-| Weeber, W. Keith, San. Engr 
Box 3669 Terminal Annex, Los vincial Dept. of Health, 807 Rich- State Dept. of Public Health, oi 


Angeles 54, Calif. (Apr. ’56) RPD pease St. W., Toronto, Ont. (Apr. —éth Ave. Rock Island,  IIl. 
Rieser, Douglas A., Chief Engr., Thompson, Julius F., Jr., Supt. (Apr. '56) P 


T. W. Snow Constr. Co., 10 W. “ fg * | Welch, Ronald J., Civ. Eng. Asst., 

Wilson St., Batavia, Ill. (Apr. ’56) NG. MP Graham, Dept. of Water & Power, 316 
Rogers, Ernest H., San. Engr.,| thompson, William L., City Ad-| 2nd St., Los Angeles, Calif. (Apr. 

Water Dept., 323 County-City ministrator, 101 Holloway St., 56) RD 

Bldg., Seattle, Wash. (Apr. ’56) | Hurst, Tex. (Apr. ’56) MRP Welter, Woodrow Leo, Asst. 

RP Timme, Paul A., Salesman, Badger Supt., Water Dept., 30 Gerald 
Ryan, Andrew L., Supt., Water Meter Mfg. Co., 211 Beckley St., Ave., Highland Park 3, Mich. 

Dept., Fair Lawn, N.J. (Apr. ’56) Wernersville, Pa. (Apr. wade (Apr. °56) M 

PD Tolleson, William W., Vice-Pres. 

*| Wentworth, Earl A., Sr. Fore- 

Sahol, Jarl R.; see Gulf Seal Corp. Lee Constr. Co., Box 3608, Char-| “inan Meter Shop, Water Distr., 
Schoell, William Partner, | _Jotte, N.C (Apr. Chemist,| 1970 B St., San Diego, Calif. 

Rayonier, Inc., Grays Harbor Div., (Apr. 56) MD 

(Aor. 86) MRPD Hoquiam, Wash. (Apr. '56) RP | West, Robert H., 329 Sist 

Sales | TUretsky, Isadore, Sr. Elec. | Ave., Bellwood, Ill. (Apr. '56) 
G. L, ales | Pumping Plant Operator, Dept. of | Wilfong, Stanley A., Engr., Dept. 

Mgr., ek — bi Shed. Water & Power, 410 Ducommun!| of Water & Power, 316 W. 2nd St., 

‘Ore 56) D St., Angeles 12, Calif. (Apr. | Los Angeles, Calif. (Apr. ’56) 

Ore. 56) i 

Shea, George H., Chief _ Engr., | Tyler Pipe & Foundry Co., Ear! | “ian ae Oe a Clerk, 

Water Works, 20 Commercial St., C. Bradley Jr., Magr., Utilities | 

Holyoke, Mass. (Apr. ’56) MRPD | Dept Box 2027 Tyler Tex, | Williams, Harry D., Jr., Student, 
Silva, Edward, Field Supt., Dept.| (Assoc. M. Apr. '56) ; Univ. of Wisconsin, 1820 Baird 
J St., Madison, Wis. (Jr. M. Apr. 


of Water & Power, Box 3669 | Umbaugh, H. J., C.P.A., 218 W. 56) MP 


Terminal Annex, Los Angeles 54,| LaPorte St., Plymouth, Ind. (Apr. 


Calif. (Apr. ’56) D | °56) M Wise, Robert S., Mgr., Tech. Serv- 
Simmons, Emmett G.; see Engine Van Buskirk, D. E., Production ice, National ‘Aluminate Corp., 
Skodje, Marvin T., Assoc. Public (Apr._’56) (Apr. ’56) P 

Health Engr., Div. of Environ- Van Sickle, Norman E., Cons. | Wolfe, William D., Mgr., Welded 

mental Sanitation, State Dept. of | Engr., Box 733, Hoyt Lakes, Minn.| Pipe Sales, Armco Drainage & 


| 

& Equipment Co. Engr., Water Div., Houston, Tex.| 6216 W. 66th Pl., Chicago 38, Ill. 
} 


Health, Univ. C s, Minne- | . ‘Apr. ’°56) RPD Metal Products, 2600—7th St., 
pany Minn. (Apr. ’86) P mae Volpe, Thomas J., Sr. Civ. Eng. Berkeley, Calif. (Apr. ’56) D 
Spear,” Clyde Supt, Water) 18, County Floed zimmerman, Jeremy 
Debi, Ind. CApr. | Log Angeles 33, Calif. (Apr. 


Spitz, Frederick M.; see Chemi- | wanton, Herbert C., Supt ion |, 11, Til. (Apr. ’56) P 


cal Testing Corp. Plant, Broadview Park Water Co., | Zolit, Bernard E., Chief Chemist, 

Sprague, C. B., Plant Engr., Co- 4400 Peters Rd., Fort Lauderdale, | Metropolitan Refining Co., Inc., 
lumbian Carbon Co., Box 1459,| Fla. (Apr. ’56) MP - 23—23rd St., Long Island City 
Conroe, Tex. (Apr. ’56) RP | Watlington, James E., Jr., Cons. , N.Y. (Apr. *56) MR 


Staben, Fred, Asst. Supt., Water | Engr., Austin Brockenbrough & | Setean, Gilbert D., Wane oe. & 


Works, Lake Front, nes | Assocs., 202 E. Cary St., Rich- | Mgr., 145 Robertson Blvd., Chow- 
Ill. (Apr. ’56) MPD mond 19, Va. (Apr. ’56) "RPD | chilla, Calif. (Apr. ’56) D 


EMGAMY Honor Roll 


Listed below are the AWWA members who have contributed to “Every-Member-Get- 

A-Member Year” by getting members for the Sections shown, in the period Apr. 1- 

May 31. (Previous EMGAMblers were listed in the April 1956 issue of Willing 
Water.) Numbers in parentheses indicate more than one member enrolled. 


Alabama-Mississip pi Keirn, K. A. Canadian Gerstein, H. H. 
Eshelman, J. W. Kells, King Berry, A. E. (6) Gordon, F. G. 
Gilmore, W. H. pie prmeee Lafreniere, T. J. Hallden, O. S. (2) 
California Oneerth H. J. Chesapeake Johnson, P. H. 
Alden, Charles Owen, M. H- Haywood, R. W. Kuehn, N. H., Jr. 
Banks, H. O. Parbury, C. B. Joseph, A. B. Larson, T. E. (2) 
Bascom, C. V. Roberts, H. G. Florida Mrva, A. E. 
Earls, C. E. (2) Pigg, W. 
Foster, E. R. Wallace, K. K. (2) Ilinois Scarritt, E. W 
Hersom, Ernie Webber, W. L. 
Hollepeter, L. T. Weight, W. O. Cella, J. R. Soderberg, A. L. 
Hurlbut, W. W. Whitman, E. R. Domke, L. C. Van Meter, L. R. 
Jerauld, H. F. Youngquist, A. C. Foley, M. H. | Whisler, J. H. 


(Continued on page 96 P&R) 


Jul. 1956 JOURNAL AWWA P&R 95 


CONNECT 
under pressure...—/ 


Mechanical Joint Tapping Sleeves and Valves 
One Sleeve — One Gasket 
Fits All Classes 

of Cast Iron Pipe 


No matter whether the pipe in your 
system is sand cast or centrifugally 
? cast, the Iowa mechanical joint tapping 
sleeve . . . with one gasket .. . will fit 
your pipe. The end gasket is reinforced 
with a strong helical spring molded into 
the gasket rubber. Always a tight, permanent seal on 
all classes of cast iron pipe. Saves time . . . bother 
. confusion. Easier, simpler, more economical. 


Write today for complete information. 
Sleeves and Valves, 3 inches through 12 inches. 


IOWA VALVE COMPANY 


Oskaloosa, lowa A Subsidiary of James 8. Clow & Sons, Inc. 


| 
7 
§ 
— 
“a 
—i 


EMGAMY HONOR ROLL 


AWWA 


MANUAL 


64 pages 


WATER RATES 


The report of the AWWA 
Committee on Water Rates 
published in the March 1954 
JouRNAL is now available in 
reprint form as part of the 
AWWA “Water Rates Man- 
ual.” Bound in with the report 
are generous excerpts from such 
classic publications on the sub- 
ject of water rates as the Met- 
calf, Kuichling, and Hawley 
paper of 1911 on fire protection 
charges and the reports of 
NEWWA and AWWA com- 
mittees chairmanned by Allen 
Hazen, as well as a table of cost 
indexes, an outline for alloca- 
tion of plant and expenses, and 
other valuable supplementary 
material. 


$1.00 


American Water 
Works Association 
2 Park Ave., New York 16, N. Y. 
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Indiana 

Briggs, H. C. 
Finch, L. S. 
Gordon, Jack 
Rademacher, J. 
Towa 

Ellis, R. O. (2) 
Hail, J. J. 
Kansas 
Badley, H. W. 
Chandler, R. L. 
Collar, L. H. 
Dominick, W. H. 

Ellis, R. 0. 

Janzen, H. A. 

Mounsey, J. (3) 
Pelton, G. D. (2) 

Scott, G. &. 

Trammell, 
Kentucky-Tennessee 
Brickey, M. L. 

French, C. 

Henshaw, J. A 

Kochtitzky, W. 
Sanders, R. N. 

Michigan 

Ayres, L. E. (2) 
Borchardt, J. A. 
Coleman, E. L. 
Hinebrook, L. 
Kimble, W. 

Vander Veide, T. L. @) 
Vogt, J. E. 


T. J. 


Trammell, 
Montana 

Clarkson, A. W. 
Cronin, G. 
Nebraska 

Detweiler, J. C. (6) 


New England 
Karalekas, P. C. 
Root, D. A. 


New Jersey 

Hoffer, H. A. 

Jost, C. F. 
Knapp, Frank 
New York 

Becker, Morris 
Blanchard, Kimball 
Clark, R. 

Diven, J. M. 
Elder, F. X 
Frank, J. A. 
Pope, J. 
North Carolina 
Amee Ss. 
Phillips, R . & (3) 
Rawlins, G. S. 
Thompson, J. F., Sr. 
Young, E. G. (2) 


North Central 


Petersen, R. W. 
Yegen, William 
Ohio 

Cook, L. 
Frederick, Ww. 
Hamlin, 
Howell, Robert 
LaDue, W. R. (2) 
Myers, Howard 
Poston, H. W. 
Reed, A. M. 
Reed, R. E. 


Pacific Northwest 


Bogan, R. H. 
Braun, P. J. (5) 
Brett, L. E. (2) 
Dunstan, G. H. 
Marqueling, H. E. 
Peterson, R. B. 


| Ramey, J. C. 
| Sylvester, 


R. O. 
Taylor, H. D. 
Westgarth, W. ( 
Pennsylvania 
Arnold, G. E. (2) 
_H. 
Daly, W. J. 
Glace, Jr. 
Hicks, H. 
Krum, H. r 
Morgan, L. $. (2) 
Murdoch, J. H., Jr. (2) 
Robinson, Harold 


Rocky Mountain 


Burgess, John 
Lynch, J. G. 
Southeastern 
deJarnette, N. M. 
Southwest 
Amsbary, F. C., Jr. 


Bankston, L. V. (5) 
Barngrover, Lester (4) 


Davis, 
Deal, J. 
Ferris, Cc. 
French, C. H. (9) 
Gentry, Ted (3) 
Hill, Underwood 
Kellogg, G. T. 
Moeh!mann, Roger 
Moutrey, C. E. 
Reynolds, J. S. 
Rice, D. R. 
Sanders, R. N. (6) 
Sellers, J. L. 
Street, H. R. 
Taylor, F. S. (2) 
Wright, A. L. 
Virginia 
Brockenbrough, Austin, Jr. 
Ferguson, J. B. 
Fitzgerald, R. W. 
Kavanagh, J. P. 
Nordby, R. C. 

lor, W. R. 
Pharr, J. M. 
Wisconsin 
Leistikow, W. 
G. A. 12) 
Smith, A. 
Vander Velde, = &. (2) 


Foreign 

Gravel, C. 
Hurtado, J. (2) 
Young, E. F. 


\ 
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Missouri 
Beatie, R. H. 
Buettner, C. F. 
Gibbs, W. R. 
Hartun (2) 
Lischer 
Ramsey 
Connell, C. H 
Creel, H. G 
Bach, C. M. 
Cari, C. E. 
Haendel, W. P. 
Huset, E. A., Jr. (2) 
Kalda, D. C. (2) 
LeVan, H. A., Jr. 
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TAKE A LOOK INSIDE AT 


It's easy to spot the secret of CALMET’S 


reputation for metering efficiency . . . 


@ SIMPLE DESIGN. 

@ RUGGED CONSTRUCTION 
e@ EASY DISASSEMBLY 

e@ QUICK AND FEW REPAIRS 


¢ 
© meter 


% YOUCAN * 
COUNT ON” 


MANUFACTURED BY 


WELL MACHINERY 
& SUPPLY CO., INC. 


FORT WORTH, TEXAS 


| 
| 
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dence in a handy fishbowl (the pisca- 
torial, not the pilsener, type). The 
evidence was a snake which appeared 
in Power’s tub while he was taking a 
bath and bit him in the big toe. Fished 
out of the water, what had seemed 
10 ft long dwindled to 18 in., but a 
snake it was, and apparently it had 
entered the tub through the drain 
pipe when Power pulled the plug. 
Only a week later in St. Louis, during 
AWWA’s Diamond Jubilee, still more 
snakes were said to be seen, but nary 
a one was captured. 

What next to whet our thirst—for 
what ? 


A. William Fraser and Clarence S. 
Wentworth have been appointed com- 
mercial vice-presidents of Worthington 
Corp., Harrison, N.J. Both men are 
regional sales managers, Mr. Fraser 
with headquarters in Chicago and Mr. 
Wentworth in Cleveland. 


MUNICIPAL 
SUPPLIES 


WRITE TODAY 
For 
100 PAGE CATALOG 
W. 8. DARLEY & CO. Chicago 12 


Penn Instrument Div. of Burgess- 
Manning Co., Philadelphia, has ap- 
pointed Flow Control Corp., Tampa, 
as its Florida representative. 


Morton Salt Co. has opened a multi- 
million-dollar laboratory designed es- 
pecially for the conduct of research 
projects related to salt and its usage. 
Located at Woodstock, Ill., near Chi- 
cago, the laboratory is headed by Dr. 
Robert L. Frank. 


Western offices have been estab- 
lished at Hot Springs, S.D., by Carl 
A. Bays & Assocs., Urbana, IIl., in- 
dustrial consultants. Manager of the 
branch is Gordon W. Prescott, who 
has been representing the firm at Hot 
Springs. 


Bartow’s Golden Age is_ what 
they’re calling it out at Iowa City, 
Iowa, where Dr. Edward Bartow, pro- 
fessor-emeritus at the University of 
Iowa, has been golden anniversarying 
all over the place. Latest bullion to 
arrive was the “Golden Doctor’s Di- 
ploma” of the University of Gottingen 
in Germany, traditionally conferred by 
the university 50 years after the re- 
cipient receives his doctorate. Actu- 
ally, Dr. Bartow’s Ph.D. degree was 
dated Oct. 25, 1895, but life at Got- 
tingen in 1945 was such as to necessi- 
tate postponing the golden diplomacy 
until now. 

In June still another golden anniver- 
sary rolled around, when Dr. Bartow 
completed 50 years as an AWWA 
member. He really celebrated that 
date a little in advance by attending 
and helping AWWA salute its Dia- 
mond Jubilee in St. Louis in May— 
just 35 years after he took office as 
the Association’s president. 

“Tt pays to live a long time,” says 
our good doctor . . . in gold, no less! 


(Continued on page 100 P&R) 


— 
WSDARLEY 


Mie rater sypy line by 


| 


‘Backbone 
of the 


System’ 


says Angus E. McVicar 
Torrance, California 
Water Superintendent 


Torrance, California 


_ ee of industry and a population that 
has tripled since 1950 posed a serious water prob- 
lem for the city of Torrance, California. Although 
ample water was available from the Metropolitan 
Water District of Southern California, only one of 
the city’s three water systems was tied into the 
District’s supply line and the city’s principal growth 
was in two areas supplied independently by wells 
and reservoirs. 


Solution was the installation of 22,000’ of 24” 
American Concrete Cylinder Pipe which coordi- 
nated all three systems and allowed distribution of 
Metropolitan water wherever desired. “The new 
line is the backbone of the system,” says Angus E. 
McVicar, Torrance water superintendent. The 
installation of American Concrete Cylinder Pipe 
now provides Torrance with a permanent, mainte- 
nance-free water supply line of sustained carrying 
capacity and virtually limitless life. 


American Pipe makes available 49 years of experi- 
ence and extensive production facilities to help 
solve any water supply problem. There is a type of 
American Pipe to meet any requirement. Write or 
phone for complete information. 

Main offices and plant: 4635 Firestone Bivd., South Gate. 
Calif.— Phone LOrain 4-2511 

Mail address: Box 3428 Terminal Annex, Los Angeles 54 


District sales offices and plants: Hayward and San Diego, 
Calif.— Portland, Ore. 


CONCRETE PIPE FOR MAIN WATER SUPPLY LINES, STORM AND SANITARY SEWERS, SUBAQUEOUS LINES 


| 
| 
mere AND CONSTRUCTION CO. 
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M. T. Bramman has been named 
district manager for valves by S. Mor- 
gan Smith Co. of York, Pa. He will 


cover the Pacific Coast area. 


New Jersey applicants for supply 
or treatment plant operators’ licensing 
examinations must file by Nov. 10, 
1956. Forms and information can be 
obtained from Bureau of Examination 
& Licensing, State Dept. of Health, 
State House, Trenton 25, N.J. 


Cochrane Corp., Philadelphia, has 
announced that its subsidiary, Coch- 
rane Water Conditioning Ltd., is now 
active in Canada, with general offices 
in Toronto under Murray Dobier, vice- 
president and general manager. 


Norman J. Howard, retired direc- 
tor of water purification and sewage 
treatment, Toronto, Ont., died early in 
May 1956. Born in Ireland, he re- 
ceived an arts degree from Oxford 
University and studied medicine until 
1907, when he joined the laboratory 
staff of William Crookes and James 
Dewar and worked on the water sup- 
plies of London, India, and Egypt. In 
1909 he went to work for the newly 
formed Metropolitan Water Board of 
London. Two years later he accepted 
the position of assistant chemist and 
bacteriologist at a Toronto filter plant 
then nearing completion. The follow- 
ing year he was given full charge of 
the city’s water supply laboratories. In 
1927 he was named director of purifi- 
cation, a position he held until his re- 
tirement in 1954. During his tenure, 
Mr. Howard played an important part 
in the advancement of water treatment. 

Joining AWWA in 1920, he was 
president in 1941 and was named an 
Honorary Member in 1952. He re- 
ceived the Fuller Award in 1943 from 
the Canadian Section, which he served 


as chairman and director. He was 
active on many Association committees. 


Leon A. Smith, superintendent, 
water works and sewerage, Madison, 
Wis., died May 10, 1956, at St. Louis, 
while attending the AWWA Confer- 
ence. He was 66. Born at Elgin, IIl., 
in 1890, he was a graduate of the Uni- 
versity of Wisconsin. In 1912 he be- 
came assistant city engineer at Madi- 
son, and in 1916 he was appointed 
water superintendent. By planning 
ahead for its water needs over the 
years, he helped Madison grow from 
a town of 25,000 to a city of more than 
100,000. 

A Life Member of AWWA (joined 
in 1916), Mr. Smith received the 
Fuller Award in 1939 from the Wis- 
consin Section, which he served as 
secretary for nearly 30 years, until his 
death. He was also chairman of the 
Section in 1925 and served as director 
twice. 


A. Baldwin Wood, general super- 
intendent of the New Orleans Sewer- 
age & Water Board, died May 10, 
1956, of a heart attack while sailing 
alone on his boat near his Biloxi, Miss., 
home. He was 77 years old. A native 
of New Orleans, he was graduated 
from Tulane University in 1899. In 
that year he went to work as assistant 
manager of drainage for the New Or- 
leans Drainage Commission, which 
later merged with the water board to 
form the present Sewerage & Water 
Board. He maintained his connection 
with the board throughout his life 
(since 1938 as general superintendent), 
although he had an active private con- 
sulting practice and was also engaged 
in the design and marketing of pumps. 
He had been an AWWA member 
since 1939, 
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@ Designed for the 
man in the ditch 


@ A third less weight to handle 


@ Requires less time 
@ Requires less working room 
@ Easier to operate 

@ No disassembly to insert stop 
@ Positive grip on main 

@ Renewable bearings and parts 
@ Complete with chest 


Your HAYS distributor or our repre- 
sentative will be glad to demonstrate 
the Model B ... or write to us about 
one for a trial on the job by your 
own men. 


Join the A. W. W. A. 
HAYS is one of the eleven WATER WEEKS 


Charter Members of the HAYS MANUFACTURING CO, 


Manvfacturers Section of 


the American Water ERIE, PA. 


Works Association. 


Aluminum Alloy Tapping Machi | 
j 
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Index of Advertisers’ Products 


Activated Carbon: Calcium Hypochlorite: Chlorine Comparators: 
Industrial Chemical Sales Div. John Wiley Jones Co. Klett Mfg. Co 
Permutit Co. Carbon Dioxide Generators: Wallace & Tiernan Inc. 
Activated Silica Generators: Infilco Inc. Chlorine, Liquid: 
Omega Machine Co. (Div., B-I-F | Walker Process Equipment, Inc. ohn Wiley Jones Co. 
wane shh I Cathodic Protection: allace & Tiernan Inc. 
Comp. Clamps and Sleeves, Pipe: 
Aerators (Air Diffusers): Harco Corp. James B. Clow & Sons 
American Well Works Cement, Portland: Dresser Mfg. Div. 
Carborundum Co. Monolith Portland Midwest Co. M. Greenberg’s Sons 
General Filter Co. Cement Mortar Lining: Mueller Co. 
Ce Centriline Corp. Rensselaer Naive Co. 
Air Compressors: Fischer & Porter Co. Smith-Blair, Inc. 
Allis-Chalmers Mfg. Co. Graver Water Conditioning Co. Trinity Valley Iron & Steel Co. 
DeLaval Steam Turbine Co. Infilco Inc. 
Morse Bros. Mchy. Co. F. B. Leopold Co. Clow 
Alum (Sulfate of Alumina): Omega Machine Co. (Div., B-I-F | fyreccer Mfg. Div. 
American Cyanamid Co., Heavy Industries) Skinner, M. B., Co. 
Chemicals Dept Permutit Co. 
General Chemical Div. Inc. (Div., B-I-F amen. Revetr: 
1 ames B. Clow 
Ammonia, Anhydrous: Ross Valve. Mfg. Co. Dresser Mfg. Div. 
General Chemical Div. Simplex Valve & Meter Co. Skinner, M. B., Co. 
John Wiley Jones Co. Wallace & Tiernan Inc. Trinity Valley Iron & Steel Co. 
Ammoniators: Chemists and Engineers: Clarifiers: 
Fischer & Porter Co. (See Professional Services) American Well Works 
Proportioneers, Inc. (Div., B-I-F | Chlorination Equipment: Chain Belt_Co. 
Industries) Builders-Providence, Inc. (Div., | Cochrane Corp. 
Wallace & Tiernan Co., Inc. B-I-F Industries) Dorr-Oliver = 
B Goods: Everson Mfg. Corp. General Filter Co. 
henaeiaen yn Co. Fischer & Porter Co. Graver Water Conditioning Co. 
M. Greenberg’s Sons Proportioneers, Inc. (Div., B-I-F | Infilco Inc. 
Hays Mfg. Co. Industries) Permutit Co. : 
Mueller . Wallace & Tiernan Inc. Walker Process Equipment, Inc. 


From coast to coast, hundreds of LimiTorque Controls are 
in service in central stations and power plants for auto- 
matic or push-button operation of valves up to 120 inch 
diameter. Why is acceptance so widespread? Because 
LimiTorque Operators are designed to provide dependable, 
safe and sure valve actuation at all times. 


LimiTorque is self-contained and is applicable to all makes 
of valves. Any available power source may be used to 
actuate the operator: Electricity, water, air, oil, gas, and 
are readily adapted to Microwave Control. 


A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and prevents 
damage to valve operating parts. 


Write for Catalog L-550 


Dive on Buttrty Var. Philadelphia Gear Works, Inc. 


ERIE AVE. and G STREET, PHILADELPHIA 34, PA. 
NEW YORK + PITTSBURGH + CHICAGO + HOUSTON + LYNCHBURG, VA. + BALTIMORE + CLEVELAND 


VALVE CONTROLS 
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Armco Steel Water Pipe 


goes in fast 


Long lengths of Armco Steel Pipe save you time and money 
when laying a water line. Supplied in lengths up to 50 
feet, Armco Pipe goes in fast, requires fewer joints. Labor 
costs are low. 

By specifying Armco Steel Pipe you can select from a 
wide range of sizes— 6-to 36-inch diameter, 9/64-to 1/2- 
inch wall thickness—to meet your water line requirements 
exactly. Tees, wyes, elbows and other fittings can be 
made to order. 

Armco Water Pipe is coated to AWWA specifications. 
A smooth spun enamel lining prevents tuberculation and 
assures continued high flow capacity. For more data on 
Armco Welded Steel Pipe write to: Armco Drainage & 
Metal Products, Inc., Welded Pipe Sales Division, 3086 
Curtis Street, Middletown, Ohio. Subsidiary of Armco 
Steel Corporation. In Canada write: Guelph, Ontario. 


WHEREVER WATER FLOWS, STEEL PIPES IT BEST 


50-foot lengths of Armco Stee! Water Pipe are 
easily handled using standard equipment. 


Armco 
Welded 
Steel 
Pipe 


Meets AWWA 
Specifications 


| 
| 
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Condensers: 

Alco Products, Inc. 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. 

I-F Industries) 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simpiex Valve & Meter Co. 


Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div. 
Phelps Dodge Refining Corp. 


Tennessee Corp. 


Corrosion Control: 
Alco Products, Inc. 
Calgon, Inc. 
Philadelphia Quartz Co. 


Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 
Philadelphia Gear Works, Inc. 


Diaphragms, Pump: 
Dorr-Oliver Inc. 
Morse Bros. Mchy. Co. 


Southern Pipe & Casing Co. 
Engines, Hydraulic: 
Ross Valve Mfg. Co. 


Engineers and Chemists: 
(See Professional Services) 


Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon, Inc. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 
Industries) 


Ferric Sulfate: 
Tennessee Corp. 


Filter Materials: 
Anthracite Equipment Corp. 
Carborundum Co. 

General Filter Co. 

Infilco Inc. 

Johns-Manville Corp. 
Northern Co. 
Permutit C 

Carl Schleicher & Schuell Co. 
Stuart Corp. 


Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc 

Graver Water “Conditioning Co. 

Infilco Inc. 

Morse Bros. Mchy. Co. 

Permutit Co. 

Proportioneers, Inc. (Div., 
Industries) 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 

Filters, Membrane (MF): 

Millipore Filter Corp 

Carl Schleicher & Schuell Co. 


Filtration Plant Equipment: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chain Belt Co. 

Cochrane Corp. 

Filtration Equipment Corp. 

General Filter Co. 


(Div., B-I-F 


B-I-F 


(Div., 
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Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

F. B. Leopold Co. 


Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Roberts Filter Mfg. Co. 


Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 
littings, Copper Pipe: 
Dresser Mfg. Div. 


M. Greenberg’s Sons 
Hays Mfg. Co. 
Mueller Co. 


Fittings, Tees, Ells, etc.: 
Alco Products, Inc. 
Cast Iron Pipe Research Assn. 


James B. Clow & Sons 
Crane Co. 
Dresser Mfg. Div. 


M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel C 
United States Pipe & Foundry Co 
R. D. Wood Co. 
Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infileo Inc 

F. B. Leopold Co. 

Permutit Co. 

Stuart Corp. 


Fluoride Chemicals: 

American Agricultural Chemical Co. 
Fluoride Feeders: 

Fischer & Porter Co. 


Omega Machine Co. (Div., B-I-F 
Industries) 

Proportioneers, Inc. (Div., B-I-F 
Industries) 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. (Div., 


B-I-F Industries) 
Infilco Inc. 
Minneapolis-Honeywell 
Regulator Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Gages, Loss of Head, Pressure 
& Vacuum, Rate of Flow, 
Sand Expansion: 

Builders-Providence, Inc. 
B-I-F Industries) 

Foxboro Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 
Inc. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Morse Bros. Mchy. Co 

Mueller Co 

R. D. W 


(Div., 
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Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc. 


Glass Standards—Colorimetrice 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 


Ilydrants: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 

R. D. Wood Co 


iiydrogen ton Equipment: 
Wallace & Tiernan Inc. 


see Calcium 
Sodium Hy- 


Hypochlorite; 
Hypochlorite; 
pochlorite 


Ion Exchange Materials: 
Allis-Chalmers Mfg. Co. 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 


Jointing Materials: 
Hydraulic Development Corp. 
Johns-Manville Corp. 
Keasbey & Mattison Co. 
Leadite Co., Inc. 


Joints, Mechanical, Pipe: 


American Cast Iron Pipe Co. 
Cast Iron Pipe ay Assn. 


James B. Clow & Sons 
Dresser Mfg. Div. 
Trinity Valley Iron & Steel Co. 


United States Pipe & Foundry Co. 
R. D. Wood Co. 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Lime Siakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., 
Industries) 

Permutit Co. 

Wallace & Tiernan Inc. 


Magnetic Dipping Needles: 
W. S. Darley & Co. 


B-I-F 


Meter Boxes: 
Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 
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There are four principal uses for electric 

motor operated M&H Gate Valves: 

. Facilitate opening and closing of large 
valves. 

. Control and expedite frequent opera- 
tion of valves. 

3. Simplify operation of valves installed 
in remote, inaccessible or hazardous 
locations. 

. Reduce operating costs and increase 
efficiency. 

The motor operated valves in the pipe 
gallery shown below are standard M & H 
Gate Valve design and construction. They 
are available in all sizes for 50, 100, 150 
or 250 Ibs. working pressure, and with 
standard accessories such as square bot- 
tom design, rollers-tracks-and-scrapers, 
indicators, etc. For complete information, 
address 


MaH VALVE AND 
FITTINGS COMPANY 


Anniston, Alabama 


FOR WATE 
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R WORKS ¢ FILTER PLANTS 


PRODUCTS INDUSTRY © SEWAGE DISPOSAL AND 


| 
FILTER PLANT EQUIPPED WITH | 
MOTOR OPERATED 4 
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Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh ae uitable Meter Div. 
Worthington-Gamon Meter Co. 


Meter Reading and Record 


Books: 
Badger Meter Mfg. Co. 
Meter Testers: 
Badger Meter Mfg. Co. 
Ford Meter Box Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 


Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 
Well Machinery & Suppl y Co. 

Worthington-Gamon Meter Co. 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 
B-I-F Industries) 

Foster Eng. Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 


Meters, Industrial, Commer- 
clal: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc. 
B-I-F Industries) 
Fischer & Porter Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 


Chain Belt Co. 
General Filter Co. 
Infilco Inc. 

F. B. Leopold Co. 


Paints: 

Barrett Div. 

Inertol Co., Inc. 

Pipe, Asbestos-Cement: 

Corp. 
easbey & Mattison Co. 


Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron 
American Cast Iron + 

Cast Iron Pipe Researc Assn. 
James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


(Div., 


(Div., 


Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Unite B. Clow & Sons 

nited & Foundry Co. 


American Concrete Pressure Pipe 


& Construction Co. 


Assn. 
American Pi 
Lock Joint Pipe Co 
Pipe, Copper: 
American Brass Co. 
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Pipe, Steel: 
Alco Products, Inc. 
a Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 
Pipe Cleaning Services: 
Ace Pipe Cleaning, Inc. 
National Water Main Cleaning Co. 
Pipe Cleaning Tools and 
Equipment: 
Flexible Inc. 
Pipe Coatings and Linings: 
Barrett Div. 
Cast Iron Pipe Research Assn. 
Centriline Corp. 
Inertol Co., Inc. 
Koppers Co., Inc. 
Reilly Tar & Chemical Corp. 
Pipe Cutters: 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G: Pollard Co., Inc. 
Reed Mfg. Co. 
A. P. Smith Mfg. Co. 
Spring Load Mfg. Corp. 
Pipe Jointing Materials; see 
Jointing Materials 
Pipe Locators: 
W. S. Dariey & Co. 
Jos. G. Pollard Co., Inc. 
Pipe Vises: 
Spring Load Mfg. Corp. 
Plugs, Removable: 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 
Potassium Permanganate: 
Carus Chemical Co. 
Pressure Regulators: 
Mfg. Co. 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 
Infilco Inc. 
Proportioneers, Inc. (Div., 
Industries) 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
Morse Bros. Mchy. Co. 
Wallace & Tiernan Inc. 
Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage 
Allis-Chalmers Mig. Co. 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Sump: 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Layne & Bowler, Inc. 
Recorders, Gas Density, COs, 
NHsa, etc.: 
Permutit 


Co. 
Wallace & Tiernan Inc. 
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Recording Instruments: 

Builders-Providence, Inc. 
B-I-F Industries) 

Fischer & Porter Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co 

R Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; see 
Gages 

Sleeves; see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 
General Filter Co. 

Graver Water Conditioning Co. 
Permutit Co. 


Sodium Aluminate: 
Monolith Portland Midwest Co. 
Sodium Chloride: 

Frontier Chemical Co. 


Sodium Hexametaphosphate: 
Calgon, Inc 

Sodium Hypochlorite: 

John Wiley Jones Co. 

Wallace & Tiernan Inc. 


Sodium Silicate: 

Philadelphia Quartz Co. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon, Inc. 

Cochrane Corp. 

General Filter Co. 

Infilco Inc. 

Morton Salt Co. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & P sc Co. 

R Cole Mf 

Graver Water Sitioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Stops, Curb and Corporation: 

Hays Mfg. Co. 

Mueiier Co. 

Storage Tanks; see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
M. Greenberg’s Sons 
Johnson, Edward E., Inc. 
R. D. Wood Co. 


(Div., 
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The two De Laval centrifugal pumps 
shown in the photograph are on the job 
in the Mayfair station of the Chicago 

water works system. They each have a 
rated capacity of 60 million gallons per 
day. De Laval has supplied 28 units for 
the various Chicago stations with a total 
rated capacity of 1695 million gallons per 
day. Two additional units are on order 
which will bring the capacity to 1825 mgd 
in the near future. 

Today, 80% of the cities in the United States 
with a population of 100,000 or over use 
De Laval centrifugal pumps. Write for 
your copy of new De Laval Bulletin 1004 
giving data on these pumps. 
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Mr. James W. 
Commissioner 
Department of Water & Sewers 


Mr. W. W. DeBerarp 
Deputy Commissioner for Water 
and Chief Water Engineer 


Mr. O. B. Caruiste 
Chief Water Works Engineer 
Department of Public Works 


Mr. James L. Weexs 
Mechanical Engineer in Charge 
Operating Division 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 


4 
DE LAVAL pumps America’s water... | 
3 
a 
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Surface Wash Equipment: 

Cochrane Corp. 

Permutit Co. 

Swimming Pool Sterilization: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Fischer & Porter Co. 


Omega Machine Co. (Div., B-I-F 
Industries) 
Proportioneers, Inc. (Div., B-I-F 


Industries) 


Wallace & Tiernan Inc. 


Tanks, Steel: 

Alco Products, Inc. 

Bethlehem Stcel Co. 

eg Bridge & Co. 

R. D. Cole } 

Graver Water ‘onditioning Co 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Tapping Machines, Corp.: 
Hays Mfg. Co. 
Mueller Co. 


Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Industriai Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., 
Industries) 

Wallace & Tiernan Inc. 


Tenoning Tools: 

Spring Load Mfg. Corp. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 


Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Turbines, Water: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Valve Boxes: 
James B. Clow & Sons 
Ford Meter Box Co. 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
. P. Smith Mfg. Co 
Trinity Valley Iron & Steel Co. 
R. D. Wood Co. 
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Valve-Inserting Machines: 

Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Anderson Valve Specialty Co. 

Ross Valve Mfg. Co., Inc. 

S. Morgan Smith Co. 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 


ADVERTISERS’ PRODUCTS 


ia B. Clow & Sons 
eZurik Shower Co. 

M. Greenberg's Sons 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane Co. 

Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc 
M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Hydraulically Oper- 
ated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Shower Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopuld Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt > 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co 


Valves, Large Diameter: 
Chapman Valve Mfg. Co. 
James a Clow & Sons 
Crane Co. 

Darling Valve & Mfg. Co. 


Golden-Anderson Valve Specialty Co. 
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Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 


Valves, Regulating: 
DeZurik Shower Co. 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Minneapolis-Honeywell 
Regulator Co. 
Mueller Co. 
Henry Pratt Co. 
Ross Valve Mfg. Co. 
S. Morgan Smith Co. 


Valves, Swing Check: 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane Co. 

Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
M. Greenberg’s Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Venturi Tubes: 

Builders-Providence, Inc. 
B-I-F Industries) 

Infilco Inc. 

Simplex Valve & Meter Co. 


Waterproofing: 
Barrett Div. 
Inertol Co., Inc. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
Wallace & Tiernan Inc. 


Water Treatment Plants: 
American Well Works 

Chain Beit Co. 

Chicago Bridge & Iron Co. 
Cochrane Corp. 

Dorr-Oliver Inc. 

Fischer & Porter Co. 

General Filter Co. 

Graver Water Conditioning Co. 
Hammond Iron Works 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Wallace & Tiernan Inc 


Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Screens: 

Johnson, Edward E., Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see lon 
Materials 


(Div., 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1955 AWWA Directory. 


(LITTLEPIGS) 


FIBREX 


(REELS) 
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(POWDER) 


For over 40 years HYDRO-TITE has been faith- 
fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about 
1/5 as much as lead joints. Packed in 100 Ib. 
moisture-proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form 
—packed in 50 Ib. cartons—2 litters of pigs 
to the box—24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


FIBREX 


(REELS) 


The sanitary, bacteria-free joint packing. 
Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


HYDRAULIC DEVELOPMENT CORPORATION 
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TWO HEADS ARE 
BETTER THAN FOUR! 


This assembly consists of two 4-in Rockwell single 
register compound meters, four Fig. 143 Nordstrom 
valves and two 8-in reducing manifolds. The over-all 
laying length conforms to A.W.W.A. standards for 
8-in compound meters 


Dual Unit Compound Meter Manifold 
Is Easiest To Install and Service 


An 8-in compound meter is a heavy, bulky piece of machinery. 
Installation is always a major problem and service a headache. 
You'll save time and effort—earn greater revenue by using 
two-meter Rockwell manifold assemblies. They measure all 
the flows with greater accuracy than a single big compound. 
And the complete assembly weighs approximately 100 lb less. 
It only takes two men to install. 

Too, maintenance is simplified since either meter can be used 
to record off-peak loads while a new or repaired meter is being 
installed. The cost for all this accuracy and convenience is usu- 
ally less than for a single big meter. Write for complete details. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Atlanta Boston Charlotte Chicago Dallas Denver Houston 
Los Angeles Midland, Tex. New Orleans New York N. Kansas City Philadelphia 
Pittsburgh San Francisco Seattle Shreveport Tulsa 

In Canada: Rockwell Manufacturing Company of Canada, Ltd., Toronto, Ontario 


ROCKWELL WATER METERS 
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“Plantation Gardens” 
Florida 
DORRCO 
ALDRICH 
PeriFilter* System 
Meets Filtration 


Requirements of 
1000 Home 
Subdivision 


needs 


too, 
Water Treatment, 
INDIVIDUAL DIA 
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Consulting Engineers. Philpott, Ross & Saarinen, Ft. Lovderdale, Florida 
Owner Builder. Utilities Construction Company, Ft. Louderdale, Florida 
Plantation Gardens, an exclusive subdivision of 1000 homes 
having a population of 3500 persons, recently started up this com- 
pact water treatment plant for softening and color removal 
A Dorrco Aldrich PeriFilter System, consisting of a Dorrco 
Hydro-Treator surrounded by an annular rapid sand filter, was 
selected as the most economical answer to meet the conditions. 
The plant is designed to handle an average flow of 0.53 MGD with 
plans for enlargement at a future date 
Advantages of the PeriFilter system include lower construction 
costs because both pre-treatment unit and filter are installed in 
the same tank. Valves and piping are greatly simplified. Reduced 
head losses and simple operation add up to lower operating costs 
If you'd like more information on the PeriFilter System write 
for Bulletin No. 9042. No obligation, of course 


Hydro-Treator, PeriFilter T.M. Reg. U. S. Pot. Of 


Every day, nearly 8% billion gallons of water are treated with Dorr-Oliver equipment 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


— 


Thus the “‘jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—-but that it improves with age. 
The pioneer self-caulking material for c. i. pipe. 


Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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